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'1-                              -

ABSTRACT

This report contains a description of the BOBCAT code, (Program.No. 56),
programmed for the· IBM-650.    The  code· greatly'facilitates the nuclear analysis
of APPR-type cores by performing many of the routine calculations necessary
to obtain input to various IBM-650 and IBM-704 codes. Using fuel element geo-
metry, U-235 and B-10 loadings as input, the code prepares input to the·MUFT-
III and various P3 codes as output; in addition· a large amount of detailed de-
scriptive core data which is useful in nuclear analysis calculations is generated.
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1. 0  INTRODUCTION

The BOBCAT code (Program No. 56), programmed for the IBM-850,
was written to facilitate the nuclear analysis of APPR-type cores.   Fast
group parameters for· both stationary and control  rod fuel elements  are
generally calculated by use of the MUFT-III, (1), (2) IBM-650 code. Thermal
parameters are generally calculated by use of the Plate-Type P3(3) and Pro-
gram No. 54, (4) IBM-650 codes, for the stationary and control rod fuel ele-
ments, respectively. The BOBCAT code, using fuel element geometry, U-235
and B-10 loadings, as input, provides input cards for the various codes men-
tioned above; this output may be obtained as a function of fuel burnup.   In addi-
tion, BOBCAT calculates detailed descriptive core data including volumes,
masses, atomic number densities,and other miscellaneous items which are of
value in· nuclear analysis calculations.

The calculations performed  and the utility  of  the  code · in· facilitating·the
input pteparation of various commonly used codes, are· shown in Appendix   E.
For codes such as VALPROD, (5) WINDOWSHADE, (6) CANDLE, (7) etc, pro-
perties for the overall fuel elements are generally employed; for two-dimen-
sional codes, such as PDQ(8), (9) and TURBO, (10) the fuel elements may be
subdivided into two or more "regions" to obtain a more precise analytical pre-
diction of the core nuclear behavior.'

Provision has been, made in the code·to calculate stainless steel,  both as
an element in itself,  and as a. mixture containing iron, nickel, chromium,  and
various other components. Either output may be ·used for  the fast nuclear para-

"meter calculations, depending upon which cross-sectional files.' one wishes to
employ in the· MUFT-III code;   this is left to the discretion of the program user.

1
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2.0 CALCULATIONAL APPROACH

For one-dimensional calculations such as VALPROD, WINDOWSHARE,
and CANDLE, the ·nuclear properties for the entire·fuel element are generally
desired. For two-dimensional calculations such as PDQ (x, y) and TURBO,
the fuel elements are generally subdivided into:"active" and "dead" regions;
the latter refers to regions containing no fuel.

2.1 ONE-bIMENSIONAL CALCULATIONS

The ·nuclear properties·for the control fuel elements are calculated some-
what differently than for· the· stationary fuel elements. These methods are de-
scribed in.the·following sections.

2.1.1  Stationary Fuel Elements

A schematic cross section of an· APPR-type ·stationary fuel element  is
shown in. Fig. 2.1. The·following nomenclature is used for the various
regions:

Plate: This region includes the meat and cladding, _but does not include
the·fuel plate dead edges. Properties.for this region are calculated as if the
clad and. meat are homogeneously mixed. The plate thickness is C; its width
is G.                                                           '

Channel: This region includes the ·material between the ·fuel plates;   for
this  code, only water is assumed to be between.the plates. The width  of  this ·
region is G, the· same·as for the fuel plates. Its·thickness is d,

Active:  This is a.mixed region consisting of the fuel plates and the
channel. Its width is G.

Dead: This region includes the ·fuel plate dead edges, side plates,  and
all of the water in the element that is 'not in. the channels. Its half-width is
(172)(D- G).     Its  properties are calculated as if all.materials in.the region  are
homogeneously distributed.

Fuel Element Cell: This includes all regions.   It is. made up of the
active'plus the dead regions.
-

The fast parameters a  e calculated by the· MUFT-III code (1), (2) for all
materials in the fuel element cell homogeneously distr.

1!1 ted.
The thermal

parameters are calculated by the Plate-Type, P3 code. c This code calculates
the properties  by a superposition  of t,Wo.P3 calculations, one ·perpendicular  to
the fuel plates and the other parallel to the fuel plates.

3



2.1.2 Control Rod.Fuel Elements

A scirematic cross section of an APPR-type' control rod fuel element is
shown in Fig. 2.2. The nomenclature ·for the plate, channel, and active regions
is the same as for the stationary elements.   The dead region includes the fuel.
plate dead edges, side·plates, control rod basket, and all the water not contain-
ed in the channels. The element is cylindricalized into an active region sur-
rounded by a dead region.

The·fast parameters are calculated by the, MUFT-III  code,   for  all  ma-
terials in the·fuel element cell homogeneously distributed. The thermal para-
meters of the active region are calculated by a one-dimensional P3 calculation
perpendicular  to  the fuel plates. The thermal properties  of  the · dead region
are calculated on a homogeneous basis.  The fuel element is cylindricalized
and the thermal properties of the entire ·fuel element are obtained by a cylin-drical P3 calculation. (4)

For the stationary fuel elements, the BOBCAT code·prepares input cards   -
to the· MUFT-III code and the Plate-Type ·P3 code.    For the control rod fuel ele-
ments,   the code prepares input to the· MUFT-III  code and for Program  54. (4)
The latter code ·calculates the thermal parameters of APPR-type control rod
fuel elennents.

2,2 TWO-DIMENSIONAL CALCULATIONS

For two-dimensional calculations, either nuclear parameters for the
overall fuel elements may be  used, as described in·Section 2.1,   or a. more
detailed subdivision of the fuel elements may be desired,  i. e., for two-dimen-
sional flux and power distribution calculations,     This is described  in the· follow-
ing:sections.

2.2.1  Stationary Fuel Elements                                         '

A schematic cross section of an APPR-type stationary fuel element, for
two-dimensional calculations, is shown in· Fig. 2.3. Two-regions are described:

Region #1: This region is identical to the dead region of the stationary
fuel elements as described in Section 2.1.1.

Region #2: This region is identical to the active region of the stationary
fuel elements as described in Section 2.,1.1.

: The·thermal parameters for these two regions may be obtained frem the
output of.the·Plate-Type P3 calculation, The.fast parameters for these two
regions are calculated by  use of MUFT-III for the·materials in· these·separate
regions homogeneously distributed.

4



2.2.2  Control Rod Fuel Ements
2

A schematic cross section of an APPR-type control rod fuel element,
for two-dimensional calculations, is shown  in  Fig. 2.4. Three · regions  are  de-
scribed:

Region· #3: This region is a.dead region containing the side plates,  fuel
plate dead edges, part of the control rod basket, and all water not contained
in the active region. (Region  #5) and Region, #4. The thermal parameters  and
fast parameters are 'calculated for the· materials homogeneously distributed.
The fast parameters afe calculated by·MUFT-III.

. Region #4: This region is a dead region containing part of the control
rod basket and the water not contained in, Regions 3 and 5.   The fast ahd ther-
mal parameters are calculated as given for Region #3.

Region. #5: This region is the active region of the control rod fuel ele-
ments as described in Section 2.1.2. The thermal parameters are obtained
as output of Program 54.  The fast parameters are calculated by MUFT-III          c
for the materials homogeneously distributed.

.I .+:.....:'

». 
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1

3.0  NOMENCLATURE

The:nomenclature ·as  used  in the BOBCAT  code is given on.the following
pages. Except as noted, the nomenclature applies to both. stationary and  con-
trol rod fuel elements.   In the output nomenclature, the expressions under the
column· "Identification" indicate designations as found in the code output listings.
When ·the definitions refer to specific regions  (i. e., fuel plates, active,   dead,
region· 1, region. 2, etc) reference ·should be ·made to  Section  2 and  Fig.   2.1
through 2.4, of this report.
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3. 1 INPUT NOMENCLATURE                                                                               -

3.1.1  Geometry and Loading Data

SYMBOL DESCRIPTION UNITS

Z                       Loading of U-235 per fuel plate at fuel burnup,. B = 0. gms
-                0

Yo             Loading of B-10 per fuel plate at fuel burnup, B = O. gms

B Fuel burnup fraction, where (1-B) = N25  (t)/ N25  (t =0).

 3 Fraction oftotal fissions which are thermal.  (Use   = 1.,0 when. B = O).

8              Defined in.Section 4.1.  (Use A= 0 in input if it is desired for ·the code
to  calculate the proper value of 8  ;  if  A#0  is  used as input,   this
value will be used in the code).

A               Width of fuel element cell (parallel to the side plates). cm

D                 Width of fuel element cell (perpendicular to the side plates). cm

F Total width of a cladded fuel plate.                         ·                                      cm

G Width of the active region.(meat)  of. the fuel plate. cm

tF              Thickness of the active region (meat) of the fuel plate. cm

tC              Thickness of the cladding on each side of the·fuel plate. cm

-                            g                               Gap  between· fuel plate  and side plate. cm

h                        · Depth of- grooves (for insertion of fuel plates)  in side plate. cm

C      E                Thickness of the side plate. cm
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1-A SYMBOL DESCRIPTION UNITSA

H'              Width of the side plate. cm

H'                 Width of the "active region" (parallel to side plates). cm

L                     Lenkth Of active region (meat) of the fuel plate. cm
6·

€                Void volume fraction in meat of the fuel plate.

Q Pressure factor: ratio of density of pure water at desired TIF and
P (psi) to the densityof pure·water specified in the input "density
cards. " This factor ·may aiso be used to calculate the effect of vcids
in the reactor core.

V                           Volume of braze· material (steel) per fuel element. cm3BR

q                        Thickness of control rod basket. (Control fuel element only). cm

Nl Number of fuel plates per fuel element.

N2              Number of fuel elements (stationary or control) in the core.

Jl Outside width.of control rod basket (control fuel element only). cm

J2 Inside width of control rod basket (control fuel element only). cm
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3.1.2 Density Input Cards

SYMBOL DESCRIPTION UNITS -

3
NH Atomic number density of hydrogen in pure. water at TQF and P (psi). atoms/cm

3
No Atomic number density of oxygen in pure water at ToF_and'P (psi). , - atoms/cm

Nssp Atomic number densityof pure stainless steel in the side plates. atoms/cm3

3
NSSA Atomic number density,of pure stainless steel  in the ·fuel matrix (meat). atoms/cm

3
SSDE Atomic number density ·of pure  stainlessesteel  in the·fuel plate clackling. atoms/cmN

N                                                                     3SSCB . Atomic number density of pure stainless steel in control rod baskets. atoms/cm

NSSBR Atomic number density of pure stainless steel in braze material. atoms/cm3

511 Weight fraction of U in U02·

112                       . Weight fraction of  U-235  in, U.

 13 Weight fraction of boron-in the boron  compound  used.as the· burnable poison.

7 Atomic fraction of B-10 in boron (as used as the burnable poison).

 1302 -Densityof pure U02· gmsler[3

, ]3(comp)  -     'Density of  the· pure boron compound  used  as the burnable poison. gms/cm
3

 SSA Density of pure stainless steel used in the· fuel. matrix (meat). gms/cm3

26.
cn



,-I SYMBOL DESCRIPTION UNITSC>

BR Density of pure stainless steel used in the braze material. gms/cm)

 SCB Density of pure stainless steel used in the contrpl rod baskets (control
fuel element only). gms/cm3

Psp - Density of pure stainless steel used in the side plates. gms/cm3

Psep Density of pure stainless steel used in the ·fuel plate cladding. gms/cm3

PH20 Density of pure·water at TIF and P (psi). gms/cm3

Ratio of atoms  of  the " compound"  in the boron compound to atoms  of
natural boron. For example, A = 1/4· for 84( and  A= 1/2. for Zr82
where carbon. and zirconium is the "compound, " respectively.

3.-1.-3 Cross Section Input

da Microscopic thermal absorption cross sections for x = U-235, U-238,  SS,
X

B-10, hydrogen, and oxygen, averaged over a Maxwell-Boltzmann dis-
tribution (or other distribution)  at the appropriate· kT energy. barns

X
Crs               Microscopic thermal scattering cross sections for x = U-235, U-238,  SS,

B-10, hydrogen, and oxyken, at the appropriate kT energy. barns
- IX

 tr                - 'Microscopic thermal transport cross sections for x = U-235, U-238,   SS,
B-10, hydrogen, and oxygen, at the appropriate kT energy. barns

Ucrf25 Average·number of neutrons -produced per fission times the·microscopic
thermal fission cross section of U-235 averaged over a Maxwell-Boltzmann
distribution (or other distribution) at the appropriate kT energy. barns



SYMBOL DESCRIPTION UNITS
B-10

Microscopic fast absorption cross- section of B-10. barnsaf
25

C af Microscopic·fast absorption cross section.of U-235 barns

(% Average thermal d»pture to thermal. fission ratio for  U-235.
th

Cxf Average·fast capture to fast fission ratio for U-235:

3.1.4 Stainless Steel Atom Fraction· Input
1

(A F)A Atom  fraction of component i in pure stainless steel used in.fuel matrix
(meat), where i = Fe, Ni, Cr, Mn, C, Si, and Mo.

(A F) i Atom. fraction of component  i  in pure stainless steel  used  in. fuel-plateDE
cladding, where i = Fe, .Ni,  Cr,  Mn,  C,  Si, and Mo.

(AF)   Atom fraction of component i in pure stainless steel used in. side·plate,
where i = Fe,. Ni, Cri Mn, C, Si, and·Mo.

(A F) R Atom fraction of component i in·pure ·stainless steel  used  in the· braze
·material, where  i  =·Fe,    Ni,    Cr,   :Mn,    C,  . Si,   and·· Mo.

(A F) iB Atom fraction of component i in pure stainless steel used in·the control
rod baskets, where  i  =  ·Fe,    Ni,    Cr,    Mn,    C,    Si,   and  Mo.

S



3..2 OUTPUT NOMENCLATURE

SYMBOL IDENTIFICATION DESCRIPTION UNITS

Z Z.BAR Loading of  U- 235  per fuel plate at fuel.burnup B. gms

8 DELTA Defined in Section 4.1.

9 PSI Grams of B-10 per plate equivalent to the poison-        -
ing due to fission product accumulation at-fuel
burnup B per initial kg of U-235 per fuel plate. gms/kg

Yeq. F. P Y EQ FISS PROD Grams   of  B-1 0  per fuel plate e4uivalent  to  the
poisoning due to fission product accumulation
at fuel burnup B. gms

Y               Y BAR Loading of B-10 per fuel platel at fuel burnup B. gms
25                                       -

ZE Z 25 ELEMENT Loading  of  U- 235  per fuel element  at fuel burnup B. gms

U02 Z U02-6 ELEMENT Loading of U02 per fuel element.ZE                                                        -   gms
B-1.0

YE            Y 810 ELEMENT Loading of B-10 per fuel element at fuel burnup B. gms

 14          -   .MU. SUB 4 Weight fraction of B-10 in natural boron.

B(comp)
YE YB COMP ELEM Loading of the boron compound, used as the burn-

able poison, per fuel element. gms

3
VA VOL ACTIVE Volume of active region of the fuel element. cm

V           VOL ELEMENT Volume of the fuel element. cm3
E



SYMBOL IDENTIFICATION DESCRIPTION UNITS

3VD            VOL DEAD Volume of the dead region of the fuel element. cm

(VF)A VOL FRACT ACT Volume fraetion of the active region of the·fuel element.

(VF)D VOL FRACT DEAD Volume ·fraction of the dead region of the fuel element.

R              R BAR ACTIVE Equivalent radius of the active region of the controlA rod fuel element. cm              k

R             R BAR ELEMENT Equivalent -radius, of the control rod fuel element. cmE

V               VOL FUEL ACTIVE Volume of the fuel matrix (meat) in the active regionFA 3of the fuel element. cm

VCA VOL CLAD-ACTIVE Volume of the cladding in the active region of the

fuel element.                                         -----  cm3

VM . VOLMETAL ACT Volume of the.metal IU02 + B(comp)+ SS1 in the
active region of the fuel element. cm3

V               VOL H20 ACTIVE Volume of the water· in the active region of theWA                                                                                                                                                3fuel element. cm

V               VOL BASKET ELEM Volume of control rod basket in control rod fuelSCB 3element. cm

C C Total thickness of the cladded fuel plate. cm

VSP VOL SIDE PLATES Volume  of  the side plates  in  the ·fuel elemeni. cm3

V             VOL DEAD EDGES Volume of fuel plate dead edges in the·fuel element. cm3
DE

-
VSSD VOL SS DEAD Volume of stainless steel (metal) in the dead region

of the fuel element. clI13

3
VWD VOL H20 DEAD Volume. of. water- in the..dead region  of  the · fuel element.    cm
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N SYMBOL IDENTIFICATION DESCRIPTION UNITS0

0( ALPHA Total atoms of stainless steel in the dead region. atonns

 aD SIGMA A DEAD Thermal macros.cqpicabsorption cross section of
the dead region.                                              cm-1

I SD                   SIGMA  S DEAD Thermal macroscopic scattering cross section of
the dead region. cm-1

I              SIGMA TR DEAD Thermal macroscopic transport cross section oftrD -1the dead region. cm

VP VOL PLATE Volume of a cladded fuel plate. cm3

Np             N B10 PLATE Atomic density of B-10 in the fuel plate. atoms/cmB-10                                                                                                                                       3

 aBP SIG A B10 PLATE Thermal macroscopic absorption cross section of
B-10 in the fuel plate. cnn-1

                  SIG S 810 PLATE Thermal macroscopic scattering cross section ofsBP
B-10 in the fuel plate. cm-1

I              SIG TR Bl O PLATE Thermal macroscopic transport cross section oftrBP                                                                                                                        -1B-10 in the-fuel plate. cm
25                                                                                      3NP N U235 PLATE Atomic density of U-235 in the fuel plate. atoms/cm
28                                                                                                                                   -3

Np            N U238.PLATE Atomic density of U-238 in the fuel plate. atoms/cm

Npo            N OXY PLATE Atomic density of oxygen in the fuel plate. atoms/cm3

VM VOL MEAT PLATE Volume  of  the ·fuel matrix per fuel plate. cm3

VV             VOL VOID PLATE Volume of the ·"void" per fuel plate cm3

V(U02)P VOL U02 PLATE Volume of U02 per fuel plate. cm3

VB(comp) p  VOL B COM PLATE Volume of boron compound (burnable poison) per              7
fuel plate. cmW



SYMBOL IDENTIFICATION i DESCRIPTION · UNITS
A

VSSPM VOL SS MEAT Volume of stainless steel in the fuel matrix .(meat)
per fuel plate.                                                            3cm

SS
Np            N SS PLATE Atomic density of stainless steel in the fuel matrix

(meat).                                                                                   3atoms/cm

Zap                                                   ·            1
SIGMA A PLATE Thermal macroscopic absorption cross section of the

fuel plate. cm-

Isp          SIGMA S PLATE Thermal macroscopic scattering cross s ection  of the
fuel plate. cm-1

Itrp SIGMA TR PLATE Thermal macroscopic transport cross section of the
fuel plate. cnn-1

VI-fp NU SIG F PLATE Average number of neutrons produced per thermal
fission. times the thermal macroscopic fission cross
section of the fuel plate. cm 1

d            D LOWER CASE Thickness of the water gap (channel) between the
fuel plates.                                                         cm

V 3   '
WCH VOL H20 CHANNELS Volume of water in the channels of the active region. cm

IacH SIGMA A H20 Thermal macroscopic absorption cross section of the
channels (H20). cm-1

I SCH SIGMA S H2.0 Thermal macroscopic scattering cross s€ction of the
channels (H20). cm-1

ItrcH SIGMA TR H20 Thermal macroscopic transport cross section of the
--1charihels (H20)· cm

SACTIVE S ACTIVE ·Source constant for active region of stationary fuel
L\D element for input. to Plate-Type.P)  code.
M

SDEAD S DEAD Source constant for dead region of stationary·fuel
element for input to Plate-Type P3 code.

q                      Q.LOWER CASE . Half width of stationary fuel element (parallel to fuel plates).  cm.



  SYMBOL IDENTIFICATION DESCRIPTION UNITS

P .... P LOWER CASE - Half width of active region of stationary fuel element

(parallel to fuel plates). cm

1               L LOWER CASE Half· thickness of cladded fuel plate (stationary fuel
element) cm

m M LOWER CASE Half thickness of cladded fuel plate plus half thick-
ness of the water channel (stationary fuel element). cm

 A            Q LO CASE SUB A Source constant for active region of control fuel
element for input to Program 54.

qD           Q LO CASE SUB D Source constant for dead region of control fuel element
for input to Ppogram 54.

w             W LOWER CASE Half thickness of cladded fuel plate (control fuel element). cm

W             W UPPER CASE Half thickness of cladded fuel plate plus half thickness
-0-f the Water channel (control fuel element). cm

(VF)A VF PLATES ACT Volume fraction of the fuel plates in the active region
4                                         (control fuel element).

 D            TOTAL SIG DEAD Total macroscopic thermal'cross section of dead re-
1gion for control fuel element.   (ID =IaD + I SD) cm

IU' SIG PRIME DEAD Total macroscopic thermal cross section minus macro-
scopic thermal transport cross section of dead region
for control fuel element. - -   --·'€m-·1

II            SIG STAR DEAD Second order macroscopic thermal elastic scattering
cross section of dead region for control fuel element.
(Assumed to be zero). cm 1

25 3
NC                           . N  U235 ELEM Atomic density of U-235 in the fuel element.  

atoms/cm
28                                                  "                                      3NC             N U238 ELEM Atomic density of U-238 in the fuel element. atoms/cm
0N                N OXY PLATE EL Atomic density of oxygen (U02 contribution only)CP in the fuel element atoms/cm3

3

V  

VOLH20 ELEMENT Volume of water in the fuel element.                         cm
3N HYD ELEMENT Atomic density of hydrogen inthe fuel element atoms/cm
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SYMBOL IDENTIFICATION DESCRIPTION UNITS /
' ;

0

NCW N OXY H20 EL Atomic density of oxygen (H20 contribution only)

in the·fuel element. atoms/cm3

N  N OXYGEN ELEM Atomic density of oxygen (from U02 and H20) in
the·fuel element. atoms/cm3

B-10                                                -                                    3
NC                   N· B10 ELEMENT Atomic density of B-10 in the fuel element. atoms/cm

SSN               N SS ELEMENT Atomic density of stainless steel  in  the ·fuel element. atoms/cm3C

NCi            N X ELEMENT Atomic density of component  X in the fuel element,
where    X =  Fe, Ni,.Cr, Mn, C,  Si,  and Mo. atoms/cm3

MpU02 MASS U02 MEAT Mass  of  U02  in the · fuel matrix  (meat) per fuel plate. gms

M, B(comp)   MASS B COM MEAT     Mass of boron compound (burnable poison) in the fuel
matrix (meat) per fuel plate. .gms

M SS
MASS SS MEAT Mass of stanless steel in the fuel matrix (meat) per

fuel plate. gms

M               TOTAL MEAT MASS Total mass of fuel matrix (meat) per fuel plate. gms
T

P

(W) U 2
WF U02.MEAT Weight

fraction  of  U02
in the:fuel matrix  (meat).

(W)M
B(comp) WF B COMP MEAT Weight fraction of boron compound (burnable ·poison)

in the fuel matrix (meat).

(W) S WF SS MEAT Weight  fraction  of  stainless  steel  in  the  fuel  matrix  (meat).
B

(W)M WF B MEAT Weight fraction of boron in the fuel matrix (meat).

T
nM TOT MEAT ATOMS Total atoms in the·fuel  matr ix  (meat)  per fuel plate. atoms

25
(A ...M

A F U235 MEAT Atom. fraction of U-235 in the ·fuel matrix (meat).

28

5 (A)M AF U238.MEAT Atom fraction of U-238 in the fuel matrix (meat).



2 SYMBOL IDENTIFICATION DESCRIPTION UNITS

(A.).1  AF OXY MEAT Atom fraction of oxygen in the fuel matrix (meat).
SS

(A)jM A F SS MEAT Atom fraction of stainless steel in the·fuel.matrix (meat).

(A)I  A F B MEAT Atom fraction of bor.on· in the fuel matrix (meat).

qA (comP)     A F COMP MEAT. Atom fraction of the compound portion (of the boron
c -NI

compound  used as the burnable poison)  in the ·fuel
matrix (meat).

V             VOL VOID ELEM Volume of "void" in the fuel element. cm3

VE
3                -V                              VOL  META L ELEM Volume of metal in the fuel element. cmME

VS                                                                                                                                                                                                                                                                                                                                                                                                3

1/JOL.SS.ELEM Volume of stainless steel  in the·fuel element. cm3

VE            VOL U02 ELEM Volume of U02 in the fuel element. .cm

v (Comp) VOL B  COMP ELEM Volume of the boron compound (butnable poison)
iIi.the·fuel element.       -                                         cm3

H20
(VF) E VF H20 ELEM Volume fraction of water in the fuel element.

SS
(VF)E VF SS ELEM Volume fraction of stainless steel in the·fuel element.

U02
(VF) E VF  U02 · ELEM Volume fraction of U02 in the fuel element.

B(comp)
(VF)E VF B COMP ELEM Volume fraction of boron compound (burnable poison)

-                  in the fuel element.
V

(VF)E -
VF VOID ELEM Volume fraction of "void" in the fuel element.

RE                 R SUP X ELEM Metal to water volume ratio  in  the· fuel element.
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SYMBOL IDENTIFICATION DESCRIPTION UNITS  

M SSE MASS SS ELEM Mass of stainless steel in the fuel element. -gms

MEH20 .MASS  H20 ELEM . Mass of water  in the fuel element. gms

VCB(comp)   VOL B COMP CORE Volume of the boron compound (burnable·poison)
in.the reactor core. cm3

VC r          VOL VOID CORE Volume of the "void"  in the ·reactor core. cm3

V              TOT VOL OF CORE Total vollime of the reactor core. cm3
T

VC,H20 VOL  H20   CORE Volume of water in the reactor core. cm3

VC            VOL SS CORE Volume of stainless steel in the reactor core. cmSS                                                                                     3

VCU02 VOL U02 CORE Volume of U02 in the·reactor core. cm3

v,in VOL METAL CORE   Volume of metal in the reactor core. cm3
lL

(VF) C VF H20 CORE Volume fraction of water in the reactor core.H20

SS
,-(VF)C VF SS CORE Volume;fraction of stainless- steel  in the ·reactor  core.

(VF)CU02 VF U02 CORE Volume ·fraction of U02  iri the reactor  core.

(VF)CM' VF METAL CORE Volume·fraction of metal in the reactor core.

(VF)c  VF VOID CORE Volume·fraction of "void" in the reactor core.

B(comp)
(VF)e VF' B  COMP CORE . Volume· fraction of the·boron comppund:(burnablepoison) in the reactor core.

53%
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L\0 SYMBOL IDENTIFICATION DESCRIPTION
, UNITS            0

(33

MCH20 .MASS H20 CORE Total mass of water in the reactor core. gms

MC S MASS SS CORE Total mass of stainless steel in the reactor core. gms
U235M             MASS U235 CORE Total mass of U-235 in the reactor core. gms

C

MC , MASS U02 CORE Total mass of U02 in the reactor core. gmsU02

M'             MASS 810 CORE Total mass of B-10 in the reactor core. gms
B-10

C
M(B(comp)   MASS B COM CORE Total mass of the boron compound (burnable poison).     gms

TM              MASS OF CORE - Total mass-of the reactor core (including water). gmsC

Re . R SUB C CORE .   · Metal to water volume ratio in the reactor· core.

IaD(1) SIG A REG 1 Thermal macroscopic absorption cross S,ection of
-1region 1 (stationary fuel element). cm

IsD(1)
SIG S REG 1 Thermal macroscopic scattering cross section of

region 1 (stationary fuel element). cm-1

 trD(1) SIG TR REG 1 Thermal macroscopic transport cross s «tion of
region 1 (stationary fuel element). cm 1

V I f'D(1)
- NU SIG F REG 1 Average number of neutrons produced per thermal

fission times the thermal macroscopic fission cross
-1section of region 1 (stationary fuel element). cm

KTD(1) K THER REG 1 Thermal multiplication factor of region 1 (stationary
fuel element). cm 1

DD(1) D THER REG 1 Thermal diffusion· coefficient of region.1 (stationary
fuel element).                   ·                             cm

2

LD(1) -L SQUARE-REG 1 -Square of thermal diffusion length of region 1
(stationary fuel element). cnn2



SYMBOL IDENTIFICATION DESCRIPTION, .. UNITS             T

NHD(1) N HYD REG 1 Atomic density of hydrogen in·region 1  (stationary
3fuel element). atoms/cm

NOD(1) N OXY REG 1 Atomic density of oxygen in region 1 (statipnary
fuel element). atoms/cm3

NSSD(1) N SS REG 1 Atomic density of stainless steel in region 1
(stationary fuel element). atoms/cm3

i.

ND(1) N X REG 1 Atomic density of coniponent X in region. 1 (station-
ary fuel element), where X= 'Fe, Ni, Cr., Mn, C,Si,and.Mo. atoms/cm3

V               VOL H20 REG 2 Volume of-water in region 2 (stationary fuel element).    cm3
WCH

V                                 VOL  PLAT  REG 2 Volume  of fuel plates  in r egion 2 (stationary  fuel-PA 3element). cm

VA                  VOL OF REG 2 . Volume of' region 2 (stationary fuel element). cm3

(VF)PA VF PLAT REG 2 Volume fraction  bf fuel plates  in r egion 2 (stationary
fuel  element). ·

(VF)WA VF H20 REG 2 Volume:fraction of water in region 2 (stationary fuel
element).

NHA (2) N HYD REG 2 , Atomic density of hydrogen in region 2 (stationary
3fuel element). atoms/cm

NOA(2) N OXY REG 2 . Atomic density-of oxygen-in region 2 (stationary fuel
3element).. i                  atoms/cm

N(25)A(2) N U235-REG 2 . Atomic density of U-235 in region 2 (stationary fuel
+                                       3element).                          -                                    atoms/cm

N(28)A(2) N U238 REG 2 :Atomic density of U-238 in r,egion 2 (stationary fuel
3                                                       element). atoms/cm3

N(13.-10)A(2)  N 810 REG 2 Atomic density of B-10 in region 2 (stationary fuel
element).         -                                              atoms/cm3

NsSA(2) N  SS  RE G'2 Atomic density-of stainless steel in r-egion .2                                               3
(stationary fuel element). atoms/cnn
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6 SYMBOL IDENTIFICATION DESCRIPTION UNITS
i

NA(2) N  X REG 2 ·- Atomic density of component X in region 2 (stationary
fuel elements), where  X= Fe, Ni, Cr, Mn, C,.Si,  and.Mo.  atoms/cm3

3
VI 3) 3 VOL OF REG 3 Volume of region 3 (control fuel element). cm

VBD(3) VOL BASK REG 3 Volume of control rod basket in region 3 (control
3            -fuel element). cm

VSPD(3) VOL SID PIA R3 Volume of ·side ·plates inregion 3 (control fuel elements).   cm3

VDED(3) VOL DED EDGE R3 Volume of fuel plate dead edges in region 3 (control
-       fuel element)....                                                           cm3

VsSD(3)
VOL SS REG 3

. Volume of stainless steel in region 3 (control fuel
3- element). cm
3

VWD(3) VOL H20 REG 3 Volume of water in region 3 (control fuel element). cm

CWD(3) fuel element). atoms
ALPHA REG 3 Total atoms of stainless steel;in region 3  (control

I ab(3) SIG A REG 3 Thermal macroscopic absorption cross section of
region 3 (control fuel elements). cm-1

I              SIG S REG 3 Thermal macroscopic scattering cross section of
DD(3) region 3 (control  fuel  elem ents). cm-1

Itrt){3)       SIG TR REG 3 Thermal macroscopic transport cross section of
-1region 3 (eontrol fuel element). cm

1/I-fD(3) NU SIG F REG 3 Average ·number of neutrons produced per thermal
fission times the thermal macroscopic fission cross
section of region 3 (control fuel elements). cnn-1

KTDQ)      -  K THER REG 3
- Thermal multiplication factor of region 3 (control

fuel element). cm --1

DTD(3) D THER REG 3 Thermal diffusion.coefficient of region 3 (control
fuel element). cm

L (3) L SQUARE REG 3 Square ofthermal diffusion length of region 3 (control fuel element).    cm2



SYMBOL 'IDENTIFICATION
'

DESCRIPTION UNITS

NHD(3) N HYD REG 3 .Atomic density of hydrogen in region 3 (cont.rol fuel                           .

elements). atoms/cm3

NOD(3) N OXY REG 3 Atomic density of oxygen in region 3 (control fuel
i element). atoms/cm3

NSSD(3)       N SS REG 3 Atomic density of stainless steel in region 3, (control »  1fuel element). atoms/cm3
Ni             N X REG 3 Atomic density of componentxin region 3 (controlD(3)                                                                                                                           3fuel element), where X= Fe, Ni, Cr, Mn, C, Si.  and Mo. atoms/cm

VD(4) VOL OF REG 4 Volume of region 4. '(control fuel element). cm)

VBD(4) VOL BASK REG 4 Volume of control rod .basket in region 4 (control fuel
3element). · cm

VWD(4) VOL H20 REG 4 .Volume of water in region 4 (control fuel element). cm3

 aD(4) SIG A REG 4 Thermal macroscopic absorption cross section of
-1region 4 (control fuel elements). cm

ISD(4) SIG S REG 4 Thermal macroscopic scattering was section of region
-14 (control fuel element). cm

 trD(4) SIG TR REG 4 Thermal macroscopic transport cross seciion of region
4   (control fuel element).                                                                                                           cm-1

Ur NU SIG F REG 4 Average ·number of neutrons produced per thermal4' fD(4) fission times the thermal macroscopic fission cross
section of region 4 (control fuel element). cm 1

KTD(4) K THER REG 4 Thermal multiplication factor of region 4 (control -1fuel element). cm

DTD(4) D.THER REG 4 Thermal diffusion coefficient of region. 4 (control
fuel element). cm

M        2L
D(4) L SQUARE REG 4 Square of the thermal diffusion length of region 4

(control fuel element). cm2

3
NHD(4) N HYD REG 4 Atomic density of hydrogen in region 4 (con:rol fuel element). atoms/cm

3

L
NOD(4) N OXY REG 4 Atomic density of oxygen in region 4 (controlfue] element). atoms/cm
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NSSD(4) N SS.REG 4 Atomic density of stainless steel in region 4 (control
fuel  elem alt). atoms/cm3

i

N                 N XREG 4 Atomic density of component X in region. 4 (control fuelD(4)                                                                                                                                         3
) element), where·X·= Fe, Ni, Cr, Mn, C, Si, and.Mo. atoms/cm

VWAC(5) VOL.H20 REG 5 Volume of water in region 5 (control fuel element). cm3

VPAC(5) VOL PLAT REG 5 Volume of fuel plates in region 5 (control fuel element).   cm3

VAC(5) VOL OF REG 5 ·Volume of region 5 (control fuel element). cm3

(VF) VF  PLAT  R EG 5 Volume· fraction  of fuel plates in region 5 (control fuel                                                         -PAC(5) element).

(VF)WA (5)  VF H20 REG
5 Volume fraction of water in region 5 (control fuel element).

N               N HYD REG 5 . Atomic density of hydrogen in region 5 (control fuel element). atoms/cm3
HAC(5)

NOAC(5) N OXY REG 5 Atomic density of oxygen in region 5 (control fuel element). atoms/cm)

N(25)AC(5)
N U235 REG 5 Atomic density of U-235 in region 5 (control fuel element). atoms/cm3

N(28)AC(5)   N U238.REG 5 Atomic density of U-238 in region 5 (control fuel element). atoms/cm3

N(B-10)AC(5)NBJO REG 5 Atomic density of B-10 in region 5 (control fuel element). atoms/cm3

NssAC(5) 3
N SS REG 5 Atomic density of stainless steel in region 5 (control fuel  

element).. atoms/cm
i

NAC(5)                                                                                                 3N   X · REG 5 Atomic density of component X in region 5 (control fuel
element), where   X =  Fe, Ni, Cr, Mn, C, Si,  and Mo. atoms/cm

W,it
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4.0  DERIVATION OF EQUATIONS

. A complete formldationof all equations  used  in the BOBCAT  code  is  .
given below. Refer to Section 3.0 for nomenclature. Except as noted, the
equations apply to both stationary (FE) and control rod (CR) fuel elements.

4.1 FUEL AND POISON LOADINGS
S

Z = Zo (1-B)

-   B-10 - -Cj' 8-10-Ca

C'a25 -
rl' 25

(1 +C(th) 1 + af                  (1  +af)  (17  3)
_v af

8=.
(  1 +(Xth) +   (1+ CX f)  (1  -  3 )

Y Jq. F. p.   = Zo \1/  x 10-3

NOTE:   \  (psi)  is a function of fuel burnup (B) and relates the fission product
poisoning to an equivalent amount of B-10. Table of B with the corresponding
values of  F are included as input to the code.   This is discussed further in
Section 5 and Appendix C of this report. Appendix C shows the presently used
tables'at Al-ciD,and were obtained frbm reference  (11).

&
Y= Yo (1-B)      + Yeq. F. P.

25
Z       Z NE

=
0  1

ZEU02  = ZE25/ (ill   2)
B-10

YE      = Yo Nl

(10.016110) ( )
 4 =

(10.016110)(' )+ (11. 012811)  (1- t)
B(comp) B-10

YE      = YE 1  (113114)
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4.2    . VOLUMES AND VOLUME FRACTIONS

4.2.1 Total Element

A       GHEA

VA         AAL

AE    AD

VE    AEL

VD     VE-VA

(VF)A VA/VE

(VF)9 1 - (VF)A
1/2

A (AA/77') (CR only)

AE (AE/77') (CR only)1/2

4.2.2 Active .Region

V   = N GLtFA      1    F

VCA     =   2.L N l t   G

VM  = VFA+VCA
VWA       =     VA-     VMA

4. ·2.3 Dead Region

VsCB 2  L[Jl + J2-2 8] (CR only)

C            tF + 2 te
V  2L EH-Nlh(C+2g) SP

VDE VFPDE =  L (F - G) Nl C

VsSD VSP + VDE + VBR (FE only)

V    V +V +V +V (CR only)SSD SP DE SOB BR
1

VWD VD - VSSD
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4,3    PREPARATION OF INPUT TO P3, IBM-650 CODES

4.3.1 Dead Region

CX. = VSP NSSP + VDE NSSDE + VBR N (FE only)SSBR

0(=V N +V N +V + VBR NSSBR   (CR only)SP SSP DE SSDE SCB

1      SS

 x.D(T'F) =- 0(Ox   + VWD Ol NH C *Ii + No crx°1VD

Wliere:

x = a (absorption), , s (scattering), tr (transport)

4.3.2 Active Region

4.3.2.1 Fuel Plates

VP = CGL

B-10
Np         = 6. 013312 x.1022 x (VF )

B-10 B-10.
IxBP  (TO F)  =  NP                      

  where:

x   =  a  (absorption),, s (scattering);   tr · (transport)
25                      Z

Np           2.561614 x 10    x ( Vp.)
21   -

28                21    ZONp        2.529266 x 10   x (,) ( 1-112)
Ypt              112

N 25

Npo    2   P        28+ NP
_(1-B)

VM    t GLF

v              €vMV
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Z
0

V(U02)P    =        ill  /12' U02

Y
.0

 (Comp) p  =    113  11 3PB(comp)

VSSPM      =   VM -  VV
-

V(U02)lp -  VB(comp)fp
-

SS                 1            CAV
Np     = -Vp NssDE -F VSSPM NSSA

N1-                               -

Ixp (TOF) =  Npi 5 CSX 25 + Np28    x28 +  N o r f 0+P  .I.X

SS   , SS     .-
Np  Ox  + LxBP (ToF)

where:

x = a (absorption), s (scattering), tr (transport)

V I.fp  (To,F)  =    Np        (     P Off      )
25       25

4.3.2.2 .Water

Channels                                                                 1     r

d        =-   1 H- -N l c lNl L

VWA   =  VWCH= Nld GL

I *CH  (ToF) ·=   9   [NH C x +No   (Sx ]

where: ......

X= a  (absorption),. s (scattering),. tr (transport)
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4.3.3 Additional Input

SACTIVE VWA/VA .(FE only).

SDEAD VWjVD                            (FE only)

q             D/2                                 (FE only)

p G/2 (FE only)

1 C/2 (FE  only)

31=m 1+2 (FE only)

qA VWA/VA (CR only)

F.. -/V (CR only) D     wl)' D
w C/2 (CR only)

dW W+- (CR only)2
A

(VF)p W/W (CR only)

ID                           I aD  *'   I sD (CR only)

r, ID =  ItrD  =Ilp*LD (CR only)

t

2  2         -0=  I *
(CR only)D                2p,
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4.4     PREPARATION OF INPUT TO MUFT-III, IBM-650 CODE
25

25                                ZEN            2.561614 x 1021 xC                  VE

28                        21    Zo Nl 1-  12
N            2. 529266 x 10   x (9- ) (C                                 „ )E                »2

-    25          -

0    2 NC 28
NCP + N€

_    (1 - B)

VWE V +VWD WA

NCH        -1    [  v    O N   1VE  l WE  H j

VE  I VWE ON  1
00Nco    N.CP + NCW

B-10 1  f   - B-10   1
Ne

VE       [Nl  Nt           V.P]

SS        1 fN
'C            -VE  L Nl VSSPM NSSA + VS INSSP + VBR NSSBR +

+ (VFPDE + VCA) NSSDE 
(FE only)

N SS -L f
c           VE  l  Nl VSSPM NSSA + VSP NSSP + VBR NSSBR +

+ VSCB NSSCB + (VFPDE + VCA) NSSDE  (CR only)

The number densities for the elements composing stainless steel, are
calculated in.the following equations. (See Appendix D):

1 F

Nd           =  -VE   [Nl  VSSPM  NSSA  (A F)i
+ VSPNSSP(AF)P     +

+  VBR NSSBR (AF)B  + (VFPDE + VCA)NSSDE(AF)D]    (FE only)
where:   i   = -Fe, Ni, Cr, Mn, C, Si, and.Mo.

1 I
N            =   -172    NIVSSPMNSSA  (AF)A  +VSPNSSP(AF)p  +

i

+ VBR NSSBR (AF)BR + VSCB NSSCB (AF)(   + (VFPDE + VCA)NSSDE(AF) E  
(CR only)

where:   i  = .Fe, Ni, Cr, Mn, C, Si, and Mo.
36
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4.5 MISCELLANEOUS CALCULATIONS

4.5.1 Weight Percent.of Components in the Fuel Matrix

MPU02        ZO= gil .112j

M B(comp)
YO

413'1 4)

Mp
SS = VSSPM  SSA
'r                                     ssM                   = MpU02. +  MpB(comp)  *  MP           T P

U02(W)M = MpU02/MpT

(W)MB(comp)  = MPB(comp)/MPT

(W)M
SS = M SS/MpT

(W)M =   ti3(W) M
B                                                             B( comp)

4.5.2 Atom Percent of Components in the Fuel Matrix          4
25                  21

nM          = 2.561614 x 10    x Zo
28                   21nM = 2. 529266 x 10

x Zox   1-#2 1A12  

nM0 = 2 (nM   + nM28)
25

SS
nM = VSSPM NSSA

B-10
nM =  6.013312 x 1022.x  Yo

nM     =1 nM
B       1    B-10

nM - AnM
(comp) _1   .B

1                                                                                T
nM         =nM25 + nM28 + nM0 + nMS S + nMB + nM(Comp)
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(A) M25           =  nM25/nMT

28
(A) M      = nM28/nMT

(A) Mo - nM0/nMT

SS       SS   T
(A)M =  nM     /nM -

(Al'Ne      = r",2 tr"WI 

(A)1 tomp)== IlM(comp)/IrMT

4.5.3  Volumes of Components in the Fuel Elements
&

VVE = VVN 1

VME = VMA + VSSD

= Nl VSSPM + VSP + VFPD* + VCA + VBR    ,

VSSE = E (FE only)

VSSE =   4 VSCB    (CR only)

VEU02   = ZEU02//1 U02

v B(comp) = VEB(comp)/ B(comp)

H20
(VF)E    = VWE/VE

(VF)ESS = VSSE/VE

(VF)EU02 = VEU02/ VE

B(comp)  vB(comp)(V,F) E /VEE

(VF)EV   = VVE/VE                                                               I
REX       = (M/W)E = VME/VWE
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4, 5..4  Mass of Components in the Fuel Elements

6 = yQSSA,bl VSSPM  + Sp VSP +   SFP (VFPDE  + VCA)  + 1BR VBR

SS  = 6 (FE   only)ME

MESS = 6  + Pst:BVSCB    (CR only)
\

MEH20    = /PH20  VW;E

4.5.5  Total Core Parameters

The terms with a bar (-) above them denote control rod fuel elements.  The
terms without a bar denote stationary fuel elements.

4.5.5.1  Volume

v B(comp)  = N2VE i3(comp) + g< VEB(comp)C

VCV         = N2 VVE + N2 VVE
- -

--

VT           = N2VE + N2 VE

VCH20 =N  V E + R2 -VWE

V,C           = N2 VSSE + N2 *SSE
SS

VCU02 =  N2  VEUU-2.  +  N2  EU02

vM             = N2 VME + N2 17MEC

'NF)  20      - N  :101  N"i:                                                                                                        

(VF)CSS    = VESS /VT

(VF)cu02  = VCU02/VT

(VF) ic  . N.PINT
(VF)2' =V€V/VT

(VF)8(comp)  VGB(comp)/VT
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4.5.,5.2 Masses

MCH2O =N 2 M E  .1   +N 2 M EH O - - H20
SS          SS - - SSMC           =N2 1 ME +N M2   E

M U25 25  - - 25
= N2 ZE + N2 ZE

MCU02      . = N2 ZE U02  +  N2' E U02

MCB-10 B-10 - -. 8-10                     i
=N2·X)k

.

+ N2.VE

M(ki comp) = NFEB(Comp) + N2tEB(comp)

MCT          = McH20 + M SS + M.U02 + M,B(comp)C           C               C

4.5.5.3 Metal-to-Water Ratio

RC  =(M/W),C         =      V,( i/Ve:H20

4.6       PREPARATION OF NUCLEAR PARAMETER  INP UT  TO  THE  PDQ(X,  Y)
OR TURBO, IBM-704 C ES                                                     -

4.6.1  Region #1 (Dead Regions of Stationary Fuel Element)

4.6.1.1 Thermal Parameters

The macroscopic cross sections have previously been calculated in Section
4.3.1.

I ii)(4   = D     [C X (YIPS  + VWDe'NH      0 H  +N O     (x 7 1 ] -

where:

.x     =   a(absorption), s (scattering), tr(transport)

1, F                             0V LAfD (lj r-

I91)(1) 0

DD Qi)      1/3 EtrI)(1)
L.ZD  (1·j         DD<(1')   I aD(1)                                                                                                                1

40       r.-1                            
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4.6. 1.2 .MUFT-III Input
VWD 0 N

NHD(1)  = vD      H
V

N D(1) = v Q  N
WD
D o

CX      24NSSD(1)  = -  x 1 0
VD

ilr       i
NI)(1 ) =   -9             I  'VSP  NSSP  (AF)     +   V                  N                 (AF)DE     +D L FPDE SSDE

i 1

+ VBR NSSBR (AF)BR  

where: i  =  Fe, Ni, Cr, Mn, C, Si,  and Mo

4.6.2  .Region #2 (Active Region of Stationary Fuel Element)

4.6.2.1 Thermal Parameters

(3)These are 6.btained as output of the Plate-Type P) code for stationary
fuel elennents.

4.6.2.2 MUFT-III Input.

V -V =  N  d GLWCH - WA  1

VPA C GL Nl

VA               VWCH  +  VPA  =  Nl LG (d +.C)

C -
(VF)PA d+ €

d

(VF)WA · d+C

d
NHA (2) (d-I-8 )        0   NH

41



d                      o
NOA(2)    -  (578) 0 No + ( 92  Np

€      25N(25)A(2) = (d-FE) Pip

N(28)A(2) = (-  1 N '28.d + C    P-

\ .4 8-10N(B-10)A(2) - (3 -   lvp

SSNSSA (2)       =      (3 )    Np-

:i       l   r                         i                        i

NA (2)  -VA   [ Nl VSSPM NSSA (AF)A + VCA NSSDE (AF)DE  

where: i  =  Fe,  Ni, Cr, Mn, C, Si,  and Mo.

4.6.3    Region #3 (Dead.Regiops of Control Fuel ElementCbntkining.the
Side · Plates)

4.6.3.1 Thermal Parameters

VD(3) =      A L   (D- G)
2.'

VBD(3)      =   2L         Jl +J 2- G 

VSPD(3) = 2 L EH-Nl h.(c+Zg) 

VDED(3)
=

·v(FPDE)D(3)    =     L  Nl   C  (·F- G)--
--%-----„

...

+VVSSD(3) = VBD(3) + VSPD(3) DED(3)

VWD(3)  = VD(3) -

VSSD(3)

 6(3) =  VSPD(3) NSSP + VDED(3) NSSbE + VBD(3) NSSCB + VBR NSSBR
M     ·
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- -

1          '4 SS - 0
   jib(3) =    TjD(3)   0(D(3)      U x        +  VWD(3)    OINH   CfxH +  No   Ux     I

-                                               -

where: x -  a  (absorp ion), s (scattering),tr (transport)

i/IfD(3) =O

 ID(3) = 0

DTD(3) =     1/3  I trD(3)

2

LD(3)  =  DTD(3)/ I.aD(3)

4.6.3.2    , MUFT-III Input

--VWD(3)-
NHD(3) Q N

-  VI)(3)       -                H-         -

VWD(3)   Q N
NOD(3)      = - VD(3)    _        0

0(D(3)
NSSD(3)

= x 1024
VD(3)

-

i       1

NI)(3) VI)(3) VSPD(3) :NSSP (AF)P  .+ VDED(3) NSSDE (AF)DE     +
-

i

+ VBD(3) NSSCB (AF)CB  + VBR NSSBR (AF)B R

wher e: i  =  Fe, Ni, Cr, Mn, C, Si,  and Mo.
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4.6.4  Region #4 (Dead Regions of Control Fuel Element<Perpendicular
to the· Side  P ates)

4.6.4.1 Thermal parameters

VD(4) =     LG  (A - H')

VBD(4)        =     2  G L  Fi

VWD(4)   =  VD(4) - VBD(4)

1                    ,< ss

 xI)(4)   =   VD(4) VBD(4) NSSCB  U x      +   VWD(4)  0 INH (SxH +  No  (Sx  

where:

x =  a.(absorption),. S (scattering), tr (transport)

1/ I:TD(4)            0

KTD(4)
0

D             =   1/3  I trD(4)TD(4)
2

LD(4) =  DTD(4) / Ial)(4)

4.6.4.2 MUFT-III Input

NHD(4) ONVwD(4)

-VI)(4)   -           H

VWD(4)
NOD(4) Q NO

- VS(4)   -
1.

V                                      t.-

NsSD(4) . BD(4) N
. 1

SSCB
VD(4)

i VBD(4)  i
ND (4)

V6(4)
NssCB (AF)CB
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where: i  =  Fe, Ni, Cr, Mn, C, Si, and,Mo.

4.6.5   Region #5 (Active Region of' Control Fuel Element)

4.6.5.1 Tllermal Parameters

These are printed out as output of Program 54. (4)

4.6.5.2 MUFT-III Input

VWAC(5) =  Nl d GL

VPAC(5) = CGLN1

VAC(5)    =  Nl LG (d + C)
(VF)

C

PAC(   .-4 + C
C

(VF)WAC(5)  =d+C
d

NHAC(5)  =  (378)  0 NH
NOAC(5)  =  (dfe)  O No + (d-58) Npo

C      25
N(25)AC(5) =  (,6+0)  NP

C      28
N(28)AC(5) =  (d-+e)  Nt)

C          B-10N(B-10)AC(5) =  (d + C) Np
C

NSSAC(5) - (d,+G) NPSS
-

i                   1                                                                                         i

-

NAC(5)
= N V NSSA (A F)    +  VCA NSSDE (A F)DEVAC(5) 1 SSPM

-
-

whete: i  = Fe, Ni, Cr, Mn, C, Si, and Mo.
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5,0   PROGRAM INSTRUCTIONS

Program No. 56 (BOBCAT) is written for the IBM-650 through the use of
the Symbolic .Optimai.1 Assembly Program (SOAP· II). The program is divided
into three parts:                                   1

Part I for the calculation of fixed element paramete»,
Part II for control rod fuel element parameters,and
Part III for calculation of total core.

The user may run Parts I and II together or separately.  Part III is auto-
matically calculated if Parts I and II are run together,  e. g.  as one problem.

Included as part of the fixed element deck (Part I) is a BURNUR table and
a corresponding PSI (10 table. These two tables must also be used when running
the control rod fuel element program  (Part II). Files for density, cross sdction
and breakdown of stainless steel for MUFT III must be used with either Part I or
Part II.  User must specify in the input which of these files are to be used.

5.1 INP UT

The input to Program No. 56 (BOBCAT) is in floating poidform (see
Appendix B) with the exception of the identification word which appears as the
first word of each input card.

' The identification word is XXXXoabooc where:

XXXX= problem identification (case no.)
a     = 8 fixed element calculation

-:                                  a              =  9 6 fixed  elem ent calculation
b        ·   =  8  control· rod calculation
b     = 9 no control rod calculation
c       = card numbers,  i. e.  1,  2,3,4

Except for the variable input cards, all data is loaded by the L-1 load routine.
The format for the various input cards is given in the following sections, where
LLLL and n are L-1 card identification. Special forms are available for the
various input cards. These forms, together with d sample problem are shown
in Appendix F.

In general, the Burnup Table (Section 5. 1. 1), PSI Table (Section 5.1,2),
Stainless Steel File (Section 5.1.3), Density File (Section 5.1.4) and the Cross
Section File (Section 5.1.5),  do not need to be constructed for ·every problem.
These may be made up into "files" which then may be used for future problems.  A
set of these files for various temperatures and for various types of stainless steels
are available for the convenience of the user of the code.
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5.1.1 Burnup Table (See Appendix C)

LLLL  _Il-   Word 2 Word 3 Word 4 Word 5 Word 6 Word 7 Word 8

1800 7 Bl 1 B2 83      84      85      86      87
1807 7  88      89     . 810 Bll B12     B13      B141814 7 B B16 B17 B18 819     B15                                           20      B21
1821 2 B22 . B23

5.1.2  Psi 010 Table (See Append·ix C)

LLLL  n   Word 2 Word 3 Word 4   Word 5   Word 0 Word 7 .Word 8

1750 7 Wl    %2    W3    94  5  6    V7
1757 7 78

, 99 . 4' 10 4/11 4'12 4113 4'14
1764 7 4'15 716 /17 718 719 y 20 4'211771 2      f 22 f 23

For each value of fuel burnup, B, there must be a corresponding value of 1, .The relationship between B and Y is defined in Section 4 and in Appendix C.

5.1.3 Stainless Steel File (See Appendix D)

LLLL       n       Word  2 · Word 3    Word 4 Word 5   Word 6 Word 7 Word 8
Fe          Ni Cr Mn            C Si Mo

1500 7 ·(AF)A (AF)A (AF)A (AF)A (AF)A (AF)/ (AE) 24
Fe ..Ni

-

Cr Mn            ·C         · Si Mo
1507 7 (AF)DE (AF) DE (AF)DE (AF)DE (AF)DE (AF)DE (AF)DE

1514 7 (AF) Fe (AF) Ni (AF) r (AF)  11 (AF)  (AF) 84 (AF)rp

1521
7 , (AF) 1 (AF)N  (AF) R (AF)= (AF,)21, (AF)BR (AF) R

1528
7      (AF)        (AF)  J      (AF) 8 3     (AF)£      (AF) B     (AF)SCiB      (AF)' 

5.1.4  Density File

LLLL   n   Word 2 Word 3 Word 4 Word 5 Word 6 Word 7 Word 8

1900 7 NH  NO NSSP , NSSA NSSDE NSSCB  - NSSBR
1907 7    11'-1 L12    AL 3 , ,/  UC)'2         B(comp)  SSA
1914 6 ,  BR   SCB  .SP SFP  1*0
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11

All atom density values,  (i. e. Nf[,· NO,  NSS,  etc) are given in terms of
10-24,  e. q.,2 x.10-24 is entered as 2. 0'which in floating point form would be
5020000000. (See Appendix B).

5.11.5   Cross Section File.
,,

LLLL  JL  Word 2 Word 3 Word 4 Word 5 Word 6 Word 7 Word 8 ··, -

1920 7 0225 (Ss25
rf 25 cr 28 Cls28

rf 28 crassytr v tr

1927 7 CfsSS
rf SS

128-10 (SSB-10 dtrB-10 daH 6#Hv tr

1934  7  rf H   (120    (SO (ftr0 l/ f25         (SaFB-10    (SaF25w tr

1941
2        0 th                   af

All cross sections have the units of barns (i. e. x 10-24)

5.1.6 Input Cards (Variable Cards)

Word 1 - Word 2 Word 3   Word 4 Word 5 Word 6 Word 7 Word 8

IDENT Zo Yo B   A A D
IDENT F G t f t c g h E
mENT H H' L € 0 VBR q

IDENT Nl N2 Jl J2
5.1.7 Special Input Cards

The input cards described in the previous sections are sufficient to run the
BOBCAT code. However, if it is desired to obtain the MUFT-III and/or various
P3 code bard input following the completion of BOBCAT,  it is necessary to include
additional input information  for  the edit program. In addition,   to the unedited
output (Section 7 and Appendix F), special "comments" cards  must be added.
These special input cards are described in the following sections.

\
\ 5.1.7.1 Comments Cards

The comments cards precede all edit program input cards (BOBCAT output
cards) for a particular run for one individual. These comments cards will con-
tain the individual's name, some indication of the project, and the date.  Only
alphanumeric information is acceptable. A total of 30 characters including blanks
may be specified on each card and are punched into columns 11 through 40.
A sample format for the comments cards are »Shown with the sample problem
in Appendix F. The information contained on the two comments cards is as follows:
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CARD. #1
Col. 11-30 Requestors' Name
Col. 31-32 Number of Month (XX)
Col. 34-35 Number of Day (XX)
Col.  37-38    Last two Digits of Year (XX)
Col. 74 . High X
Col. 75 Low X

CARD #2

Col. 11-40 Project Information (alphanumeric)
Col. 74 . High X
Col. 7 5 Low X

5.1.7.2 Flux Cards

For the P 3 calculations as performed by the plate-type P3 code (stationary
element) and Program  No. 54 (control fuel element), the number  of flux points
desired in the various regions may be specified by use of the special flux cards.
It is a requirement of both P3 codes that a minimum of two flux points be specified
for each region (active,  dead,   etc).    When  two flux points are specified,   only the
P 3  fluxes  at the boundaries  of each region are calculated and printed  out.    Two
types of flux cards may be used: one for the stationary fuel element and the other
for the control rod fuel element.

If no flux cards are used,  the edit program assigns a value of two for all
flux point numbers. It should be noted that once flux point values are specified,
these values are ased continuously in a given run unless new flux cards are
specified.

The format of the flux card for the stationary fuel element P3 caleulation
(by the plate-type P3 code) is shown below. A sample format is shown in Appendix
F.      The  nomenclature   is as follows:

XXXX . = problem, identification (case number)
nplate = number of flux points to be calculated and printed out for the fuel

plate  (P3 flux distr ibution perpendicular  to  the fuel plates).
(nplate   =  2).

nchannel = number of flux points  to be calculated.and printed out for the water
channel (P3 flux distribution perpendicular to the fuel plates).
(nchannel  Z  2).

ndead = number of·flux_ points   to be calculated and printed  out  for   the  dead

region (P3 flux distribution parallel  to the fuel plates).
,-

(n ead    1    2).
nactive = nGmber of flux points to be calculated and printed out for the active

region (P3 flux distribution parallel to the fuel plates).
(nactive  E  2).
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The format of the flux card for the control rod fuel element P3 calculations
(by Program No. 54) is also shown below. A sample format is shown in Appendix
F.  The nomenclature is as follows:

XXXX = problem identification (ca.sp number).

Nf            = number of flux points to be calculated and printed out for the
P3 flux distribution calculation within and perpendicular to the
fuel plates.    (Nf = 2).

Nm = number of flux points to be calculated and printed out for the

P 3 flux distribution calculation in the water channel, perpendicular
to  the fuel plates.     (Nm  -   2).

Nf'           = number of flux points to be calculated and printed out in the active
region for the cylindrical P 3 calculation.    (Nf'     '2).

Nm' = number of flux points to be calculated and printed out in the dead
region for the cylindrical P3 calculation:   (Nm'  -  2).

Stationary Element Control Fuel Element
Flux Card Flux Card

632XXXX010 XXXX540200
nplate                                                             Nf
nchannel Nm
ndead                                                                        Nf'
nactive Nrn'

0---------0 0---------0
0---------0 0---------0
0---------0 0---------0

5. 1. 7. 3 MUFT-III Input Cards

If it is desiredl to run the MUFT-III code following the completion of the
BOBCAT code, additional input cards are needed. These cards include the
Title Card, Number Density Cards, .and the Heading Card. These cards are
punched from special input forms (NPED-1029-1159 Revised and NPED-1032-1159)
which are available to the program user. These forms, together with a sample
input format, are shown in Appendix F.

The  Title Card contains the number  of. r constituents to be included  in  the
MUFT-III calculation. The Number Density Cards specifides the MUFT-III
cross section file number corresponding to each constituent:. The Heading Card
sbecifies the neutron energy group break points, the slowing down approximation
desired, and the source set to be employed..
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6.0 OPERATING INSTRUCTIONS

There are three options for the running of Program  No. 56 (BOBCAT),  and
the user must specify to the operator which of the options are desired.

6. 1    OPTION 1: STATIONARY ELEMENT ONLY

A, Console setting 701951XXXX.

1. Deck Makeup

a)  Program Deck Part I (F. E.)
b) Burnup tabld
c)  Psi table..
d) Stainless steel file
e)   Dens ity  f ile
f) Cross section file
g) Input cards (4) (in order-col. 10)

6.2    OPTION 2:· CONTROL ROD FUEL ELEMENT ONLY

A. Console setting 701951XXXX.

1. Deck Makeup

a)  Progrsam Deck Par.t II· (C. R.)
b) Burnup table
c) Psi table
d) Stainless steel file
c) Density file
f) Cross section file
g) Input cards (4) (in order - col. 10)

6.3 OPTION 3: STATIONARY ELEMENT, CONTROL ROD FUEL ELEMENT,
AND TOTAL CORE

A. Console setting 701951XXXX.

1. Deck Makeup

a)  Program Deck Part I (F. E.)
b) Burnup table
c) Psi table
d) Stainless steel file
e) Density file
f) Cross section fite
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g) Fixed element input cards (4) (in order - ·dol. 10)
h)  Program Deck Part II (C. R.)'
i) Burnup table*

i

j)  Psi table*
k) Stainless steel file*
1)   Density file*
m) Cross section file*
n)  Control rod element input cards (4) (in order - col. 10)
o)  Program Deck Part III (T. C.)

*· If the same tables and/or files are to be u sed for control rod fuel element
calculation, it is not necessary to place tables and/'or files.behiiid Part II
(C. R.) program  deck.    The only files  that need be included with Part II are     '
those which are different from files previously used with Part I.

6.4 STOPS

0199999999 Input cards out of order.

....

6.5 TIMING

The time required for BOBCAT calculations depends upon the calculation
option.. Including program deck read-in,   the  tim ing requirements  are as follows:

(a)   Stationary fuel element alone 2 min. 37 sec.
(b)  Control fuel element alone · 2 min. 37 sec.
(c)  , Stationary ·and control fuel elements 5 min. 37 sec.

1. Stationary element 2 min. 37 sec.
2. Control .element 2 min. 25 sec.
3. Total core parameters 35 sec.
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7.0  OUTPUT

The output of Program No. 56 (BOBCAT) may be obtained in two different
-           forms. The unedited format is showli in the following sections. The edited

format of the output is shown in the sample problem -given in Appendix -F.·  The
edited format is the most convenient and commonly used form of the output.
Each ·value is preceded by an "identification" symbol described in Section  3.2.
The edited output may be obtained for a stationary fuel element..ilone. or  a
control rod fuel element alone. Total core parameters are obtaitied only if
both stationary and control rod fuel elements are calculated. Total core
parameters  fbr  a core consisting entirely of stationary (or control) fuel'.ele-
ments may be obtained by specifying the input value of N2(or N 2) to be.equal
to  N2  +  N 2·

Each card of the unedited output contains an identification word
(XXXXoabLoc), where:

XXXX       = problem identification (case number).
a         = 8 for stationary fuel element calculation.
a           = 9 for no stationary fuel element calculation.
b         = 8 for control rod fuel element calculation.
b         = 9 for no control rod fuel element calculation.
L          = 1 for stationary fuel element output for one-dimensional

calculations.
L                 =  2 for stationary fuel element output' for two-dimensional. _

calculations.
L          = 3 for control rod fuel element output for one-dimensional.-

calculations.
L          = 4 for control rod fuel element output for two-dimensional

calculations.
L       ' =5 for total core parameters.

7.1 UNEDITED OUTPUT - STATIONARY FUEL ELEMENT

7..1.,1   Output Used for One-Dimensional Calculations (Section 2.1.1)

Card 1 Card 2 . Card 3 Card 4
XXXXoabLoc - XXXXoabLoc XXXXoabLoc XXXXoabLoc

 aD             Isp          YEB-10 VEUO2

ISD                             iRP                      YEB

(comp)
MESS

H 20L trD LaCH                              VE                                   ME   t
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Card 1 Card 2 Card 3 Card 4
C ontinudd Continudd - Continued R Continued :

 aBP IsCH                  V                      Z or ZWE

ISPB LtrCH VVE

 trPB ZE VME YEQ. F. P.
25

I                                             -ap ZEU02 VSSE Y Or Y

Card 5 Card 6 Card 7 Card 8
XXXXoabLoc XXXXoabLoc XXXXoabLoc XXXXoabLoc

7                         VCA                  VWD         VM
i14                         VMA                  a                    VV
VA ,VWA         V VCU02) P
V                     C NpB-10 VB(comp)pD

(VF)A VSP N 25 VSSPMP

(VF)D V             Np 28 Np SSDE

V]AA VSSD                                                         Np 0                                                         1/S FP

Card 9 Card 10 Card 11 Card 12
XXXXoabLoc XXXXoabLoc XXXXoabLoc XXXXoabLoc

D
Nt'25

N SS
NCSiC

1

SACTIVE  ' N(:28 REX NCMo

 DEAD .:. NCPO                    N e                  NDFe
NCH  1               N NiC               NONi

P NCINO  Car NDCr

1                              · NCO
Mn

NDMn. NC
.)

m .

N.8-10                  Nce                    NDeC-
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Card 13 Card 14 Card  1 5 Card 16
XXXXoabLoc XXXXoabLoc XXXXoabLoc XXXXoabLoc

Si St      . W B(comp) .B

ND             NA            M          AM[
Mo · Mo SS B(comp)

ND .NA WM AM
„· Fe MpU02 WMB VEB(comp)iv A

Ni
MpB(comp) A 25 V  H20NA                            M           FE

NA MP AM VFECr                                  SS                             28                             SS

- Mn
MPT AMONA                                            VFEH20

NAC WMU02 AMSS VFEKcomp)

Card 17
XXXXoabLoc

TY V

VFE

NMT

7.,.1..2  Output Used for Two-Dimensional Calculations (Section 2.2.1)

Card i Card 2 Card 3
XXXXoabLoc XXXXoabLoc XXXXoabLoc

DD (VF)PA NSSA
2
LD (VF)WA

NHD            'NHA

NOD NOA

Nssp               NA25

VPA NA28

YA             N
B-10

A
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7.2 'UNEDITED 0UTPUT - CONTROL· ROD FUEL ELEMENTS

7.2.1  Output Used for One-Dimensional Calculations (Section.2.1.2)

Card 1 Card 2 Card 3 Card 4
XXXXoabLoc XXXXoabLoc XXXXoabLoc XXXXoabLoc

IaD                Isp YEB-10 VEUO2

YEB(comp) M SSsD trP                                                                  E

4                 I+ ·rD aCH          VE            M2H29

 aBP                             )                              V                            Z or ZSCH WE

EsPB I trcH VVE

I trBP- Z 25 VME YEQ. F.P.E

I ap                                     zEU02                           VSSE Yor Y

Card 5 , Card 6 Cartl 7 Card 8
XXXXoabLoc XXXXoabLoc XXXXbabL'oc XXXXoabLoc

':If                                                                                            Vc A                                                                     V                                                                           VWD                        'M

 4
 

VMA          (X           VV

vAI          VWA        Vp       ' V(uoup
VD' C

...
NP. VB(comp)p

B-10

(VF)A v                    25ISP NP VSSPM

(VF)D VDE NP . NP
28                SS

'VFA VSSD                              ' Npo ip:'.
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Card 9 Card 10 Card· 11 Card 12
XXXXoabLoc XXXXoabLoc XXXXoabLoc XXXXoabLoc

D ·                 W               NCH            NCI' l
RA (VF)AP NCWO NCCr

RE                                            I D                                    NCO                                NC
Mn

B-10            CV NSCB                                       I Dl                                     C                                   NC

qA N845 NCSS   ·N Si- C

28            REX              Mo)VD              NC                         NC
0                            Fe

w                                                               NCP                                              NC                                              NI)1 Fe

Card 13 Card 14 Card 15 Card 16
XXXXoabLoc XXXXoabLoc XXXXoabLoc XXXXoabLoc

NDl iND2 NAC
Ni · ·    Ni                            Ni M B(comp)

Cr   C r.      Cr     SS
NDl lvD2 NAC                  Mp

N 1Rd AT MIi! Mn'
MpTDl 1ND2 NAC

AT C
iNDl ND2C N C

WMU02AC

NDlsi NI)2Si    N Si     B(comp)
AC WM

NDl ivD2 NACMo, WM
Md Ar Mo SS

ND2Fe
AT  Fe '

MpU02 ..B

ivAC WM

Card 17
, Card 18

XXXXoabLoc XXXXoabLoc

AM2 5 V  H20FE
28                    SSAM VFE

VFEUO2AM.

SS V B(comp)AM               FE

AM VFE
B V

AMB(comp) NMT .
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7 .2.2, 'Output Used for Two-Dimensional Calculations .(Section.2.·2.211

Card 1 Card 2 Card 3 Card 4
XXXXoabLoc XXXXoabLoc XXXXoabLoc XXXXoabLoc

VDl   aDl N0Dl DTD2
....

L2, , VBD1 s#D 1 NssD1 D2

VSPD1   trDJ                            VD2                              NHD2

VDEDl   202 VBD2 NOD2

VSSD1                       I *)2                  . VWI)2 NsSD2

VWDl   tr.D2 DTD1 VWAC

 Dl NH 1 LZ                  VPACD1

Card 5 Card 6
XXXXoabLoc XXXXoabLoc

VAC NAC
B-10

SS
(VF)pAC NAC

(VF)WAC
NHAC

0
NAC

7.3 UNEDITED OUTPUT-TOTAL CORE PARAMETERS
Card 1 . Card 2 Card 3

XXXXoabLoc XXXXoabLoc XXXXoabLoc

 CV MCU25 (VF) cu02

VT MC (VF) dMB-10

H20
VC                                                                  RC                                                         ( VF)' V

V' SS B(comp)B(comp) (VF) cC                          VC
VCM VCU02 MCU02

M H20
H20(VF)C . MdB(comp)

' ss
(VF) CSS                                         TMC                         MC                 »

..
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APPENDIX A
BOBCAT FLOW CHARTS

The flow charts, showing the order of calculations performed by the BOB-
CAT code, are shDwn in Fig. A. 1 and A. 2. Figure A. 1 presents the flow chart
for the stationary fuel element calculations while Fig.  A. 2 presents the flow
chart for the control rod fuel element calculations.
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FIGURE A. 1
BOBCAT STATIONARY FUEL ELEMENT FLOW CHART
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A FIGURE A.1(CONTINUED)
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FIGURE A.2
BOBCAT CONTROL ROD FUEL ELEMENT FLOW CHART
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FIGURE A.2(CONTINUED)
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APPENDIX B
FLOATING POINT NOTATION

Floating point numbers,  as used in BOBCAT, are comprised of two parts,
a characteristic and an abscissa. The expression of numbers in floating point
form is accomplished by the following steps:

1. Express number in powers of 10.

123.456 = 1..23456 x 102
0.000123= -1.23 x 10-4
36724.1  = -3.67241 x 104

2.   The  characteristic is formed by adding  50  to the ·exponent to avoid  nega-
tive characteristics. The abstissa part is the major part which must be
less  than  10 and greater  than or equal  to  1. The characteristic,   CC,
and the abscissa are then arranged as follows:

CC XXXX XXXX +

Thus:

123.456 --- 52 1234 5600
0.000123  46 1230 0000
-36724.1 ---- 54 3672 4100-
-0.00239 --=- 47 2390 0000-

The quantity zero is expressed as 00 0000 0000 +. MaximUIIi and minimum -
characteristics are 99 and 01 with the exception of zero.
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APPENDIX C
FISSION PRODUCT POISONING

Fission product poisoning due to fuel burnup is included in the BOBCAT code  
by defining an amount of B-10 which is equivalent to the poisoning due to fission
products.   The code uses a term \F, which is a function Of fuel burnup B,  and
is defined as grams of B-10 per initial kilogram of U-235. This factor 7,  as a
function of fuel burnup, was taken from data given in reference (11) and is built
into the code as a table look-up.  If new data becomes available, this table may
be changed. The values of  presently used in the code are given in Table C. 1.

It should be noted that the equivalent amount of B-10 is included both  in
the calculation of thermal parameters and in the calculation of the fast para-
meters; therefore, .some account is made of the epithermal poisoning effects
of the fission products.

TABLE C. 1
FISSION PRODUCT POISONING (\if)

Burnup B Burnup B

0                  0 0.2125 0.175
0.003 0.025 0.250 0.185
0.010 0.05 0.30 0.1975
0.018 0.075 0.305 0.20
0.033        · 0.10 0.350 0.210              -
0.05 0.112 0.40 0.2225
0.069 0.125 0.41 0.225
0.10 0.135 0.45 0.235
0.135 0.150 0.50 0.·248

0.150 0.155 0.505 0.250
0.20 0.170 0.550 0.260

0.60 0.2723
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AP PENDIX  D
COMPOSITION OF STAINLESS STEEL

Provision has been made in the BOBCAT code to calculate the number
densities of stainless steel in addition to the number densities of the materials
composing stainless steel. The input to the code includes values ·of (AF)11, atomfractions, defined as follows:

(AF)     = Nij/NSS j

n
NSSj = I  Nij

' -                            i=1

where:

N.. = atoms of component i in stainless steel of type.j per cm3 of steel.
1J

Provision has been made for eight different components of stainless steel
including, Fe, Ni, Cr, Mn, C, Si, and Mo.  For most calculations, only Fe, Ni,
Cr, and Mn are considered; in these cases, (AF) jC  = (AF) Si = (AF)jMo  =  0.
Tables D. 1 through D. 4 presents data for various stainless steels which are most
commonly used for the APPR-type fuel elements; only Fe, Ni, Cr, and Mn are
included in general.

' /
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TABLE D. 1
TYPE 304 L* STAINLESS STEEL

Density = 7.9 gms/cm3

Atom Weight Atomic Ni X 1024 Atomic Fraction
(i) Fraction Weight (Atoms/cc of steel) (AF) i

Fe 0.68902 55.85 0.058701 0.689700
Ni 0.09 58.69 0.007296 0.085723
Cr 0.19 52. 01 0.017382 0.204227
Mn 0.02 54.93 0.001732 0.020350
C 0.00028 12.017
Si 0.01 28.09 l2 OMIT
Mo                -                  95.95 1
(Other) 0.0007            J

'4                         4

I    mi= = 0. 085111 x 1024    I =1. 000000
i=1 i=1

*  Type of steel used in the SM-1 Core I fuel·elements.

TABLE D. 2
TYPE 302B* STAINLESS STEEL

Density = 7,9 gms/cm3

Atom Weight Atom ic Nix 1024 Atomic Fraction
(i) Fraction Weight (Atoms/cc of steel) (AF) i

Fe 0.69778 55.85 0.059447 0.708648
Ni 0.0852 58.69 0.006907 0.082336
Cr 0.1822 52.01 , 0.016668 0.198693
Mn 0.010 54.93 0.000866 0.010323
C 12.01
Si 0.0239 28.09
Mo                   -                 95.95 OMIT

(Other) 0.00092

·
4                                                                                                                                                                                    424 ,-
I    Ni   =  O.083888 x 10 L =1.000000
i=1 , i=l

*  Type of steel used in fuel matrix in the SM-1 Core I fuel elements.
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TABLE D. 3
BRAZ#* STAINLESS STEEL

Density = 7.56 gms/cm3

Atom Weight Atom ic Ni X 10 Atomic Fraction24

(i) Fraction Weight (Atoms/cc of steel) (AF) i

Fe 0.2658 55.85 0.021670 0.355270
Ni 0.4946 58.69 0.038372 0.629090
Cr 0.0041 52.01 0.000358 0,005869
Mri 0.0072 54.93 0.000596 0.009771
C            -          12.01
Si , 0.1130 28.09 OMITMo 0.0755 95.95
(Other) 0.0398

4                          4

I Ni 0.060996 x 1024 I = 1.000000
i=1 i=1

*  Type of steel used as braze material in the SM-1 Core I fuel elements.

TABLE D. 4
TYPE 347* STAINLESS STEEL                             -

Density = 7.9 gms/cm3

Atom Weight Atomic Ni x 10 Atomic Fraction24

(i) Fraction Weight (Atoms/cc of steel) (AF)i

: Fe 0.70028 55.85 0.059660 0.700317
Ni 0.0955 58.69 0.007742 0.090880
Cr 0.1829 52..01 0.016732 0.196408
Mn 0.0122 54.93 0.001056 0.012395
C 0.00049 12.01
Si 0.0068 28.09

OMITMo 0.0005 95.95
(Other) 0.00133

4                          4
24       rI   Ni O. 085190 x 10 L    =  1.000000

i=1 i=1

: *  Type of steel as used in the SM-2 Core I fuel elements.
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APPENDIX. E
UTILITY OF THE BOBCAT CODE

The B0BCAT code together with MUFT-III and the various. P 3 codes des-
cribed before, greatly facilitates the calculation of nuclear parameters, atomic
number densities, and other miscellaneous data, as input to many IBM nuclear
codes 'of interest.·  The' most commonly used nutlbar codes as employed by
Alco's Core Analysis Group,, atthepresent tirde, are shown in Fig. E. 1.
Each code requires either nuclear.parameters or atomic ·number densities,  or
a combination of both,  as part of its input. These codes are summarized- in
Table E. 1. A summary of the calculations performed and the output obtained
from BOBCAT are shown in Fig. E. 2.

TABLE   E. 1
SUMMARY.OF VARIOUS IBM-CODES

Flux and Power Control Rod
Cbr·e Burnup Reactivity Distributions Shielding Worth

TURBO(10) (8)(9) ROC(17) SCRAM(18)(19)(20PDQ PDQ

CANDLE(7) TURBO WANDA(14)
./

PDQ

NUB-1(1·2) FINK-1(13) TRANVAR(15)

VALPROD(5) VALPROD

WINDOWSHADE(6) WINDOWSHADE

CANDLE P 1-MG(1 6)

E-1



1

UTILIZATION OF THE BOBCAT CODE

BOBCAT

&                                                                                                                              11     OUTPUT     r

MUFT-DI P CODES
3

&                                       4

FAST THERMAL
PARAMETERS PARAMETERS

ONE- DIMENSIONAL CALCULATIONS TWO- DIMENSIONAL CALCULATIONS

IBM-650 CODES IBM-704 CODES

(IBM-704 CODES)
/                                9                                V                                                        4                                I

VALPROD EQUIVALENT CANDLE PDQ TURBO
NUB-1 BARE WANDA INPUT INPUT

FINK-1 HAND TRANVAR
4*...S:,ROC ' CALCULATIONS Pl-MG

WINDOWSHADE
SCRAM

1

FIGURE E.1

M
CO



SCHEMATIC DIAGRAM OF BOBCAT CALCULATIONS

STATIONARY FUEL CONTROL RODi             INPUT             i
ELEMENTS FUEL ELEMENTS

L

REGION PARAMETERS ,  ELEMENT PARAMETERS TOTAL CORE REGION PARAMETERS ELEMENT PARAMETERS
PARAMETERS

"

$

MISCELLANEOUS
MISCELLANEOUS OUTPUT

T
DEAD REGION ACTIVE REGION OUTPUT DEAD REGION DEAD REGION ACTIVE REGION |
(REGION I ) (REGION*2) (REGION 43 1 (REGION ' 4) (REGION 5) |

.                                                        
              il

THERMAL THERMAL THERMAL PRCGRAM 54 MUFT- mPARAMETERS   '                       p
PARAMETERS PARAMETERS

IREGION  1 )
PLATE · TYPE ( REGION 3) ( REGION  4)
P-3 CODE                                                                              J

rHERMAL FAST

PARAMETERS PARAMETERS

(BLEMENT IELEMENT)

MUFT-m ANDMUFT-m MUFT-m -.
•                                                         REGION *5 )

1                                                                             1                                                                                                                                                                        7

FAST FAST THERMAL FAST

PARAMETERS PARAMETERS PARAMETERS PARAMETERS                           •              iD
(REGION  1 1 ( REGION  2 1 (ELEMENT (ELEMENT) FAST FAST FAST

AND PARAMETERS PARAMETERS PARAMETERS

REGION  21 ( REGION i,3 ) (REGION  41
(REGION '5 )  

M
cn



APPENDIX F
SAMPLE BOBCAT PROBLEM

A sample problem, as performed by the BOBCAT code, is presented 'on the
following pages. The case considered ·was the SM-1 Core I as described in ref-
erence (21).   3'he,core temperattire and pressure were taken at 680F ,and 1200 psia,
respectively.  The data used in the input represents the best information available-
at the time' of this report.

The input is presented 011 Llie special forms which have been especially
designed for this code. The c,ross section data was taken from reference (22).

The output listing of the code' is also presented. The output is presented
in its edited form which is most convenient for use by the user of the code.  Also
presented are the input cards to the MUFT-III and various P3,'.IBM-650 codes,
as described in S'ection 2 of this report.

-

41,/-
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NPED-1084-561
./                                                                       /

.'

PROGRAMNO. 56 (BOBCAT)
STAINLESS. STEEL FILES

,

Fe-.

*         0    0    1   5    0    0 00   0    7    4     9   7     08     6  4     80     0    (AF)A
4882336000 (AF) ANi

Card  1                                       4       9    1       9    8       6    9       3   0       0      (AF) ACI':
4 8'1.0 3 2 3 0 0 0 (AF) A n
0        00        00        00        00        0       (AF) AC
'O 00 00 0 0 0 0   0.(AF)ASi
0        0    0        0    0        0    0        00        0       (AF) AMO

-
'

Fe0  0  1  5  0  7  0  0  0  7  4968 9 7 0 0 0 0  (AF)DE-·
4 8 8 5 7.2 3 0 0 0 (AF) DE i

Card 2 .4 9 2   0 4   2 2   7 0   0  (AF)DECr
' 4 82 0 3 5 0 0 0 0 (AF)   .  NDE

0    0  0    0  0    0  0    0  0    Q   (AF)DEC
0 0 0 00 0 0  0 0 0 (AF) DESi

0       0   0 1    0   0,     0    0 1    0   0 1    0,(AF)Detio
.

0     0      1      5     1      4     0     0     0     7-4      9    6   8       9       7 0-    0    0       0(AF)p Fe

4885 7 2.3 do o (AF)pNi

4 9 2 0 4 2 2 7 0 0 (AF)pCrCard 3                                                               Mn4 8 2 0 3 5 0 0 0 0 (AF) p

0 0 0 0 0 0 0 0 0 0  (AF)PC    ./.
.:"  Si0 0 0 0 0 0 0 0 0 0 (AE) p

'

0    0   0  0     0   0   0 1 0    0 0 (AF)PMo

(Continued on page 2
of NPED-1084-561)

12 punch in columns 1, 10, 20, - - - - 80.

F-3
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1

..                 =                   I

NPED-1084-561

PROGRAM NO. 56 (BOBCAT)
STAINLESS STEEL FILES (CONT'D)

0     0   1     5 21     0    0     0   4     9,3      5    5     2     ·7 -0'  0    0   'i(AF)BR
Fe

Ni4 9 6 2 9 0 9 0 0 0 (AF)BIt
4 7 5 8 6 9 0 0 0 0 (AF)BRCrCard 4 Mn4 7 9 7.710000 (AF)BR
0 0 0 0 0 0 0 0 0 0 (AF)BRC
0 0 0 0 0 0 0 0 0 0 (AF)BR

Si

0    0    0     00    0     0   0    0      0      (AF)BRMO

 0     0     1      5  2     8     0  0     0 7 1|4     9     6      8     9      7     0     0     0 0·  '   (AF) CBFe4 8 8 5 7 2 3 0 0 0 (AF)6BNi
4      9.2     0.42'      2    7      0    0        (AF) CBCrCard 5 (AF) CBMn-                                     4 8 2 0  3 5  0 0 0 0

0 0 0 0 0 0 0 0 0 0  (AF)CBC
0 0 0 0 0 0 0 0 0 0 (AF) CBSi
0       0      0     0       0       0    0     0      0      0          (AF) CBAAO

1

12 punch in columns 1, 10, 20, - - - - 80.
---.
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NPED-1085-561

PROGRAM NO. 56 (BOBCAT)
,  U] NUP TABLE

|0 0|1|8 0 0|0|0|0|7.0 0 0 t.0 0 0 0 0 0 0 81
4  7 3  0 0  0 0  0 0  0    B2

Card 1 4 8 1 0 0 0 0 0 0 0 8 3
48180      0   0      onn,         84
4  8 3  3 0  0 0  0 0_Q B 5
4  8 5 0 0 00 0   0_0.           86

/                    4   8  6   9  0   0  0   0  0 ( .0  B7

 00|180|70|0|0|74910000000 88
- 4  91  350  00  00,    89

Card 2 4  9 1  5 0 0  0 0  0 0_ B10
4 9 2 0 0 0 0 0 0 0 Bll

4 9 2 1 2 5 00 00 B12

4  9 2  5 0 0  0 0  0 0     B13
4930000000 B14

0|0 1 8 1|4|0 0|0|7 4 9.3 0 5 0 0 0 0 0,8 1 5
493 5 0 00 0 0 0 816

4   9.  4  .0  0    0  0    0  0    0    817
Card 3 494 1 0 00 00 01 818

4  9 4  5 0  0 0  0 0  0, 819
495 0 0 00 o n n 820

4 9 5 0 5 0 0 0 0 0 B21

|0   01    8|2|1 0|0   02      49  5     50     0  0     000,822496 00 00 00 0 B23

Card 4

12 punch in columns 1, 10, 20, - - 80.
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NPED-1086-561
PROGRAil  NO- 56 (BOBCAT)

P SI  (1 \if  : TABLE

0|0|1|7|5|0|0|0|  0  1  7      0   0      0   0      0   0      0   0      0   0    .  \Fl 4,
4 8 2 5 0 0  10 0 00   2

Card 1 48       50       0   0       00       0   0        3
4 8 7 5 00 00 00   4
4 9 1 0 00 0 0 0 0 . 415

4  9    1  1  k. 2  0    0  0    0  0          \ 6
4    9        1    2    |   5' ,0        0    0        0 0 \| 7

0 0 17    5  7   0   0   0 7_4 9    1  3    50    0  0    00    '1/8
49 15 00 00 00  79

Card 2 4 9 1 5 5 0 0 0 0 0   10
49 1 7 00 00 O     0                      911

_4 9 1 7 5 0 0 0 0 0'  12
49 18 5.0 00 O   0                  3

4 9 1 9 7.5 0 0 0 0  \1/14

0  0   1|7   6|4|0|0 0   7    49    20    0    0 0. '  000        15
Y

49 2 1 0 00 000 /16·

: Card 3 _49    2  2.2.5.0    0  0  0      17
. -4 9 2 2:5 0.0 0·0 0     718
4 9 2 3 5 0 0 0 0 0    19
49 2 4 8 00 000 720
49 2 5 O  0 0 0 0 0  21

|0   0|1|7 7|1|0 0|0 2-4 9   26   0   0  0   00  0     22
4927230 000  23

Card 4

12.punch in columns 1, 10, 20, - - 80.
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NPED-1087-561                                            1
1

PROGRAM  NO. 56 (BOBCAT)
DENSITY FILES

0 0 1 9 0 0 0 0 0 7486.6  9 4 6.2 0 Q  NH
48 3 3   4.7 3 1 0 0 NO

Card 1 4 8  8 5  1  1 1  0 0)  .NSSP
48 8. 3 8 8 8 0 0) NSSA

48 8 5 1 1 1 0 0) NsSDE
4885 1 1 1 000 NSSCB
4 8 6 0 9 9 6 0 0.0 NSSBR

0019@7000749876.3000_0_ 1
49. 9 30 7 00 00   112

Card 2 49 7 59 0 00 00 g3
:   „

4 9 1  9 8 0 00 00  7 i  :2
4          :f.

F                 P        .

5 1  1  0 9  0  0 0 0 0 /1UO2
5) 2 53 5 0 0 00  08(comp)
5)7 9 0 0 0 0 0 0  SSA .:     i.':

'A. ,

..fi.

.f

 0   0  1  9  1  4  0  0  0  6 5 0 7 5 6 0_0 0   0 0 , BR . 31
5 0   7.9   0 0   0 0   0 0  0 SCB

Card 3 5    0        7    9        0    0        0    0        0    O       S P

5 0 7 9 0 0  0 0 0 0  SFP
5    0       1   0       0    1       3   0       0   0    /1H2O

49 2 5 00 00 00,   A
0 0 0 0 0 0 0 0 0 0

12 punch. in columns 1,  10,  20, - - 80.

9.
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NPED-1088-561
!1

PROGRAM NO.   56 (BOBCAT) 1
CROSS SECTION FILE

0    0     1     9     2     0     0     0     0     7     5   2.51      2.6   5 5      64   4    0 25
5 0 9 0 0 0  0 0 0 0 ds25

Card 1 52 52 16 3 000 0'tr 2 5
5 0 2 1  1 8 0 360 C&28,

5 0 9 0 0 0 0 0 0 0 (Ss28
r<    285 1  1 1  0 9  3 0 0 0 v tr

5  0     2,2.70     2.7   5   0   (SaSS

|0.0    1    9    2    7    0    0    0    7    5   1     1  0     4  4     0     00  0    Gsss
5 1 12 58  6 0 0 0 0'trSS

'
4  B    1 0

Card 2 5 3 29 32 4 9 8 0 V.a:-
50 44 00 0 000 CSSB-10

5.3      29      3.6    -6      0   5.1    (StrB-10
4 9 2 5 4 1 6 400 daH
5  1    3  4    3.2    0    0.0  0  (sH

0 0 1 9 3 4 0 0 0 7 5 1 2 7 1 7 0 0 0 0 (StrH
 ao00 00 0 0 0 0 0 0

5  0   3  9   0. 0   0  0  .0  0   sl
Card 3 5 0 364200 00 ( tr0

'                                       5.3  .10   6  5    1  3   9.4   1/0'f'25
' 5 1 8 3 62.00 00 (Saf'B-10

5   1      1   9    · 2,   9      0   0 0 1 0 Cfaf.25=       -

0     0      1      9    4      1      0     0     0      2       4   9       1   80.0       0   0       0    0    C th

49 42 00 00 00  (Xf
Card 4

12 punch in columns 1, 10, 20, r - -  - 80.
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NPED-1089-561

PROGRAM  NO. 56 (BOBCAT) SPECIAL  INP UT CARDS

Comments Ca.rd 1 Coziiments Card 2

BLANK BLANK

ProjectW      ILL      I       AM                S         Reqt' s. S M -1 C ,0 R 'EName Name  1
/

S M I T H ·I T E  S T C. A

Month,
--                    0  .6  0.0    1   0·  0    0  6    1 Day, Yr. 1  S  E

BLAIqK BLAIEK

BLAIEK BLANK

BLAIEK . BLAIEK
' Hi Lo Hi Lo

X X                  '   X X

High x in column 74 required. High x in column 74 required.
Low x in column 75 required. Low x in column 75 required.

Flux Card Flux Card                i
(Stationary Element) (Control Fuel Element)

6 3 2 9 9 9 8 0 1 ,0 Ident. .9 :9 9 9 5 4 0 2 0 0 Ident.

51    10    0    0  00  0    0 nplate 5.1  1 0  0 0  0 0  0 0'N f
5 1   1 0   0   0 0   0 0 0 nchannel  5 1   1-0   0 0   0 0   0 0  Nm

Mdead5 1 1 0 0  0 0  0 0 0, . . 5 1 1 0-0.0 0 0 0 0 N t

nactive5 1 1 0 O 0 0 0 0 0 5 1 1 0 0 0 0 0 0 0,N m

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0,0 0 0 0 0 0 0000000000
-
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NPED-1090-561

PROGRAM NO. 56 (BOBCAT) VARIABLE CARDS

9 9 9 8 0 8 8 0 0 1    IDENT.
5 1 2 8 62 00 00 ZO
48 2 0 0 3 0 0 0 0 YO

Card 1 00 0 0 0 0 0 0  0 0  .·B
A

5 0    1.0   0  0   0 0   0 0_   Jj
00 00 00 00 00 8
5.0 7.4  6 1  2 5  0 0    A

50 7 4  6 1 2 5 0 0   D

9 9 9 8 0 8 8 0 0 2 IDENT.

5 0  7 0  4 5  9 6  0 0   F
5 0  6 4 5 1 6 0 0 0   G

Card 2 4,8  4 9.5 3 0 0 0 0   tF
48 1 2 7 0 0 0 0 0   te
0 0 0 0  0 0  0 0  0 0   g
4863 5 0 0 0  0 0   h
49-12 7 0'0 0  0 0    E

9.9       9    8       0   8 8.0 0    3      .IDENT.                                                        1
5 0 7 2 7 2 02 0 0   H
50 7 4  6 1 2.'5 0 0    H'

Card 3 5.1 5.5 2,4 5 0 0.0   L
48 9. 7 8 0 0.0 00 €
50 10 00 00 00 8
5.0      4   3.4. .4 3.9 1 0   VBR
0 0 0 0 0 0 0 0 0 0   q

9 9  9 8  0 8  8 0  0 4 IDENT .

5.1 '18  00  00  00   Nl
5 1 3.8 0 0 0 0  0 0   N2
00 0 0 0.0 0 0 0 0   JlCard 4
0   0,    0.0      0,0     0   0     0   0          J2
0 0 0 0 0 0 0/0.0 0

0 0 0 0 0 0 0 0 0 0.
0 0 0 0 0 0 0 0 0 0

1
I

.-'. -'----

-STATIONARY    FUEL..ELEMENTS                                                                                                                    '
!
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NPED-1090-561

PROGRAM NO. 56 (BOBCAT) VARIABLE CARDS

9.9       9    9       0    8       8    0       0    1__         D)ENT.
5.1 2.   6        1.11.60 0 0 0   ZO
4.8 1 8   2 8 0 0 0 0   Yo

Card 1 00 00 0 0 00 00 B
50 ,10 00 00 00_B
0 0 0 0 0 0 0 0 0 0   8
5 0 74 6 1 2 5 0 0    A

5 0 7.4 6 1 2 5 0 0    D
.-.

99 99 0 8 8 0 0 2 IDENT.

5.0 6482 0 8 0 0    F
5 0 5 8 8 7 7 2 0 0   G

Card 2 4.8 49 5 3 00 0 0    tF
4 8 12 7 0 0 0 0 0    tc
0 0 0 0 0 0 0 0 0 0   g
48 63 5.0 0 0 0)   h
4 9  1 2  7 0  0 0  0)    E

9 9 9 9 0 8 8 0 0 3 IDENT.
5.0 6 6 5,2 2 6 0)   H
5 0 66 3. 2 2.2 2  0        H'

Card 3 5.1 5 5 2.4 5 0 0)   L
48 9 7 8 0 0.0 0)   €              '
5 0 1 0 00 0.0 O, 8
5 0 3 8 6 1 68 0 0 VBR
49 12 70 00 0)  

|9  9     9.9     0  8     8  0     0 4 ,I)ENT.
5. 1 1 6 00 0 0 0 0   Nl
5 0 7 0 0 0 0 0 0 0   N2
5.0 7 0 6 4 3 7 5,0   JlCard 4 506.81,0 3.7 50   J2
0 0 0 0 0 0 0 0.0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

1

- CONTROL ROD.FUEL.ELEMENTS
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PROGRAM 56 BOBCAT

CASE NO 9998 WILLIAM S SMITH DATE 6/10/61

PROJECT SM-1 CORE I TEST CASE

STATIONARY ELEMENT PARAMETERS

1         Z BAR 5128620000 DELTA 5057202011          .*

2 PSI 0000000000 Y EQ FISS FRLD 0000000000          *

3         Y BAR 4820030000 Z 25 ELEMENT . 5251516000          *

4         Z U02 ELEMENT 5263165452 Y 810 ELEMENT 4936054000          *

5         MU SUB 4 4918336612 Y B COMP ELEM
5025905536          *     

6         VOL ACTIVE 5326593285 VOL ELEMENT 5330755030          *

7         VOL DEAD 5241617454 VOL·FRACT ACT 4986468083 .,-.

8         VOL FRACT DEAD 4913531917 VOL FUEL ACTIVE 5231776147          *

9         VOL CLAD ACTIVE 5216295460 VOL METAL ACT 5248071607.          *

10         VOL H20 ACTIVE 5321786124         C                   4874930000          *

11      ·  VOL SIDE PLATES 5192579742 VOL DEAD EDGES 5144286441          *

12         VOL SS DEAD 5214121057 VOL H20 GEAD 5227496397          *

13 ALPHA 5111913807 SIGMA A DEAD 4876232957          *

14 SIGMA S DEAD 5019031216 SIGMA TR DEAD 5016425980          *

15         VOL PLATE 5126706448 N 810 PLATE 4545100209          *

16         SIG A 810 PLATE 4913225627 SIG S 810 PLATE 4619844091          *

V       17       SIG TR 810 PLAT 4913244150 N U235 PLATE 4727451569          *
1-*

w       18       N U238 PLATE 4620182340 N OXY PLATE 4758939606          *



hi
19 VOL MEAT PLATE 5117653415 VOL VOID PLATE 5017265040          *

fEt 20 VOL U02 PLATE 5032194420 VOL B COM PLATE 4856773035

21         VOL SS MEAT 5112650695 N SS PLATE 4868588462          *

. 22 SIGMA A PLATE 5016957206 SIGMA S PLATE 4976577125          *

23 SIGMA TR PLATE 5024513565 NU SIG F PLATE 5029239747          *

24 D LOWER CASE 4933958388 VOL H20 CHANELS 5321786124          *

25         SIGMA A H20 4817015313 SIGMA S H20 5024281386          *

26 SIGMA   TR H'20 5019408372 S ACTIVE 4981923402          *

27         S DEAD 4966069387 Q LOWER CASE 5037306250          *

28 P LOWER CASE 5032258000 L LOWER CASE 4837465000          *

29 M LOWER CASE 4920725694 N U235 ELEM 4642908137          *

30 N U238 ELEM 4531545978 N OXY PLATE EL 4692125469          *

31         VOL H2O ELEMENT 5324535763 N HYD ELEMENT 4853408372          *

32 N OXY H20 ELEM 4826704185 N OXYGEN ELEM 4827625440          *

33 N 810 ELEMENT 4470493817 N SS ELEMENT 4814594485          *

34         N FE ELEMENT 4810154689 N NI ELEMENT 4712768633          *

35 N CR ELEMENT 4729291246 N MN ELEMENT 462338072/          *

36 N C ELEMENT 0000000000 N·SI ELEMENT 0000000000          *

37 N MO ELEMENT 0000000000 MASS U02 MEAT 5135091917          *

38 MASS B COM MEAT 4914391964 MASS SS MEAT 5199940490          *

39 TOTAL MEAT MASS 5213517632 WF U02 MEAT 4925960106          *

40 WF B COM MEAT 4710646808 WF SS MEAT 4973933430



41 WF B MEAf 4680809272 TOT MEAT ATOMS 5013049555          *

42 AF U235 MEAT 4856180760 AF U238 MEAT 4741303983          *

43 AF OXY MEAT 4912062231 AF SS MEAT 4981323960          *

44 AF B MEAT 4746615866 AF COMP MEAT 4711653965          *

- 45 VOL VOID ELEM 5131077072 VOL METAL ELEM 5262192664          *

46 VOL SS ELEM 5253187768 VOL U02 ELEM 5157949955          *

47 VOL B COM ELEM 5010219146 VF H20 ELEM 4979778049

48 VF SS ELEM 4917294006 VF U02 ELEM 4818842431          *

49 VF B COMP ELEM 4633227559 VF VOID ELEM 4810104711          *

50 R SUP X ELEM 4925347760 MASS SS ELEM 5342003565          *

51 MASS H20 ELEM 5324567659 SIG A REG 1 4876232957          *

52 SIG S REG 1 5019031216 SIG TR REG 1 5016425980         *

53 NU SIG F REG 1 0000000000 K THER REG 1 0000000000          *

54 D THER REG 1 4920293056 L SQUARE REG 1 5026619.793          *     

55 N HYD REG 1 4844230944 N OXY REG 1 4822115472          *

56 N SS REG 1 4828626948 N FE REG 1 48195310„66                      *

57 N NI REG 1 4727999656 N CR REG 1 4757200957          *

58 N MN REG 1 4657582246 N C REG 1 0000000000          *

59 N SI REG 1 0000000000 N MO REG 1 0000000000          *

60 VOL H20 REG 2 5321786124 VOL PLAT REG 2 5248071607          *

7 61 VOL OF REG 2 5326593284 VF PLAT REG 2 4918076596          *

62 VF H20 REG 2 4981923403 N HYD REG 2 4854844605          *



.\'-..  ..3.

63 N OXY REG 2 4828487729 N U235 REG 2 4649623092          *bj

64 N U238 REG 2 4536482800 N 810 REG 2 4481525825          *

65 N SS REG .2 4812398459 N   FE   REG 2 4786873235          *

66 N NI.REG 2 4710385037 N CR REG 2 4724923485          *

67 N MN REG 2 . 4618028322 N C REG 2 0000000000          *

68 N SI REG 2 0000000000 N MO REG 2 0000000000          *

·,1   ·



CONTROL ROD ELEMENT PARAMETERS

1         Z BAR 5126110000 DELTA 5057202011          *

2 PSI 0000000000 Y EQ FISS PROD 0000000000          *

3         Y BAR 4818280000 Z 25 ELEMENT 5241776000          *

4         Z U02 ELEMENT 5251222919 Y 810 ELEMENT 4929248000          *

5         MU SUB 4 4918336612 Y B COMP ELEM 5021015286          *

6         VOL ACTIVE 5321572435 VOL ELEMENT 5330755030                         +

7         VOL DEAD 5291825954 VOL FRACT ACT 4970142786          *

8         VOL FRACT DEAD 4929857214 R BAR.ACTIVE 5035255601          *

9         R BAR ELEMENT 5042095593 VOL FUEL ACTIVE 5225776766          *

10         VOL CLAD ACTIVE 5213218854 VOL METAL ACT 5238995620          *

11         VOL H20 ACTIVE 5317672873 VOL BASKET ELEN 5219112949          *

12         C 4874930000 VOL SIDE PLATES 5184934562          *

13 VOL DEAD EDGES 5139365726 VOL SS DEAD 5231929145          *

14 VOL H20 DEAD 5259896809 ALPHA 5127082090          *

15         SIGMA A DEAD 4878055730 SIGMA S DEAD 5018917467          *

16 SIGMA. TR DEAD 5016371782 VOL PLATE 5124372263          *

17         N 810 PLATE 4545101820 SIG A 810 PLATE 4913226099          *

18 SIG S 810 PLATE 4619844800 SIG TR 810 PLAT 4913244623          *

19 N U235 PLATE 4727442565 N U238 PLATE 4620175719          *

7 20 N OXY PLATE 4758920273 VOL MEAT PLATE 5116110479          *
P
..J

21         VOL VOID PLATE 5015756048 VOL U02 PLATE 5029370940          *



61 22 VOL B COM PLATE 4851812835 VOL SS MEAT 5111545967          *

23 N SS PLATE 4868591771 SIGMA A PLATE 5016952711          *

24 SIGMA S PLATE 4976578956 SIGMA TR PLATE 5024509254          *

25         NU SIG F PLATE 5029230157 D LOWER CASE 4933958387          *

26 VOL H20 CHANELS 5317672873 SIGMA A H20 4817015313          *

27         SIGMA S H20 5024281386 SIGMA TR H20 5019408372          *

28 Q LO CASE SUB A 4981923403 Q LO CASE SUB D 4965228626          *

29         W LOWER CASE 4837465000 W UPPER CASE 4920725693          *

30 VF PLATES ACT 4918076597 TOTAL SIG DEAD 5019698024          *

31 SIG PRIME DEAD 4933262423 SIG STAR DEAD 0000000000          *

32 N U235 ELEM 4634795604 N U238 ELEM 4525581659          *

33 N OXY PLATE EL 4674707539 VOL H20 ELEMENT 5323662553          *

34 N HYD ELEMENT 4851507606 N OXY H20 EL 4825753803          *

35 N OXYGEN ELEM 4826500878 N 810 ELEMENT 4457186529          *

36 N SS ELEMENT 4817502788 N FE ELEMENT 4812141535          *

37         N NI ELEMENT 4715249402 N CR ELEMENT 4735314648          *

38 N MN ELEMENT 4630484666 N C ELEMENT 0000000000          *

39 N SI ELEMENT 0000000000 N MO ELEMENT 0000000000          *

40 MASS U02 MEAT 5132014324 MASS B COM MtAT 4913134554          *

41 MASS SS MEAT 5191213139 TOTAL MEAT MASS 5212335880          *

42 WF U02 MEAT 4925952201 WF B COMP MEAT 4710647439          *

43 WF SS MEAT 4973941331 WF B MEAT 468081·4062          *



44 TOT MEAT ATOMS 5011909107 AF U235 MEAT 4856161844          *

45 AF U238 MEAT 4741290077 AF OXY MEAT 4912058170          *

46 AF SS MEAT 4981330033 AF B MEAT 4746617129          *

47 AF COMP MEAT 4711654281 VOL VOID ELEM 5125209676          4

48 VOL METAL ELEM 5270924765 VOL SS ELEM 5263621547          *

49 VOLU02 ELEM 5146993503 VOL B COMP ELEM 4982900536          *

50 VF H20 ELEM 4976938806 VF SS ELEM 4920686550          *

51         VF U02 ELEM 4815279940 VF B COMP ELEM 4626955114          *

52 VF VOID ELEM 4781969277 R SUP X ELEM 4929973420          *

53 MASS SS ELEM 5350247891 MASS H20 ELEM 5323693314          *

54 VOL OF REG 3 5264860396 VOL BASK REG 3 5211207584          *

55 VOL SID PLA R3 5184934562 VOL DED EDGE R3 5139365726          *

56 VOL SS REG 3 5 2 2 3 6 3 7 6 1 2 VOL H20 REG 3 5241222784          *

57 ALPHA REG 3 5120353754 SIG A REG 3 4882057475          *

58 SIG S REG 3 5018708479 SIG TR REG 3 5016284812          *

59 NU SIG F REG 3 0000000000 K THER REG 3 0000000000          *

60 D THER REG 3 4920468970 L SQUARE REG 3 5024944674          *

61 N HYD REG 3 4842548441 N OXY REG 3 4821274220          *

62 N SS REG 3 4831380866 N FE REG 3 4821521933          *

63 N NI REG 3 4728873913 N CR REG 3 4763367848          *

h.1 64 N MN REG 3 4663475878 N C REG 3 0000000000          *

w 65 N SI REG 3 0000000000 N MO REG 3 0000000000          *



61      66       VOL OF REG· 4 5.226965552 VOL BASK REG 4 5182617841          *
N 67 VOL H20 REG 4 5218703767 SIG A REG 4 4871003059          *0

68 SIG S REG 4 5019564376 SIG TR REG 4 5016743973          *

69 NU SIG F REG 4 0000000000 K THE REG 4 0000000000          *

70 D THE REG 4 4919907660 L SQUARE REG 4 5028037749          *

71         N HYD REG 4 4846435026 N OXY REG 4 4823217513          *

72 N SS REG 4 4826076555 N FE REG 4 4817985000          *

73 N NI REG 4 4722353605 N CR REG 4 4753255366          *

74 N MN REG 4 4653065789 N C REG 4 0000000000          *

75 N SI REG 4 0000000000 N MO REG 4 0000000000          *

76 VOL H20 REG 5 5317672873 VOL PLAT REG 5 5238995621          *

77 VOL OF REG 5 5321572435 VF PLAT REG 5 4918076596          *

78 VF H20 REG 5 4981923403 N HYD REG 5 4854844605          *

79 N OXY REG 5 4828487379 N U235 REG 5 4649606816          *

80 N U238 REG 5 4536470832 N 810 REG 5 4481528737          *

81         N SS REG 5 4812399057 N FE REG 5 4786877481          *

82 N NI REG 5 4710385531 N CR REG 5 4724924676          *

83 N MN REG 5 4618028941 N C REG 5 0000000000          *

84 N SI REG 5 0000000000 N MO REG 5 0000000000          *



TOTAL·CORE PARAMETERS

1         VOL B COMP CORE 5144635791 VOL VOID CORt 5313573964          *

2         TOT VOL OF CORE 5513839763 VOL H20 CORE 5510979968          *

3         9OL SS CORE 5424664859 VOL U02 CUKE 532531052/          *

4         VOL METAL·CORE 5428597945 VF H 20 CORE· 49 /933638 1                  *

5         VF SS CORE 4917821735 VF U02 CORE 4818288266          *

6         VF METAL CORE 4920663608 VF VOID CORE 4798079454          *

7         VF B COMP CORE 4632251846 MASS H20 CORE 5510994242          *

8         MASS SS CORE 5519478706 MASS U235 CORE 5422500400          *

9         MASS U02 CORE 5427588475 MASS 810 CORE 5115747880          *

10         MASS B COM CORE 5211315173 MASS OF CORE ·5533243110          *

11         R SUB C CORE 4926045563 0000000000          *
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